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PREFACE 
Students entering the Tertiary Education System in the last decade of this century will be the 
decision makers (citizens) of the first decade of the 21st century and m a n y of them will b e c o m e leaders 
in their chosen fields of activity. It is inperative, therefore, that they b e c o m e aware of and m a k e an effort 
to understand the problem of man's relationship to the environment. 
The University Grants Commission when planning Affiliated University Colleges considered this 
new enterprise as a great opportunity to introduce the basic awareness of the environment to the widest 
possible range of students. S o m e information about environmental matters perhaps feature in the 
carriculum of m a n y University Courses especially in the Science based areas. However, the great majority 
of students of this country have very little formal exposure to environmental studies. 
The University Grants Commission decided, therefore, that a course on Environmental Studies 
will form one of the five core- courses to be offered to all students in the Affiliated University College 
System. This course would be administered to all students regardless of their background. In preparing 
the materials every effort w a s m a d e to ensure that the materials were selected and presented in a manner 
that would give the students a comprehensive holistic but simple view of the environment. 
The Committee on Environmental Education of the Central Environmental Authority with support 
from N O R A D had already launched a project to produce lesson materials in environmental studies for use 
at primary, secondary and tertiary levels. It was agreed with the C E A and N O R A D that the objectives of 
C E A as well as the U G C could be met without any duplication of effort if the U G C undertook to implement 
the programme concerning tertiary education and used the materials in the Affiliated University Colleges. 
The course materials are designed to introduce to the student the basic concepts and ideas 
that are essential to an understanding of the natural environment and the processes that maintain it. The 
history of m a n in the environment is traced showing hoe from being an integral part of the natural system 
he has tended to take over the system and fashion it according to his o w n requirements. The major 
consequences of man's activities in this direction are explained as elements of the present environmental 
crisis. The final chapters outline the type of approaches that need to be taken and which obviously loom 
large in the lives of these very students in the first years of the 21st century. 
A number of experts from various fields took part in the writing process. However the material 
provided w a s extensively edited in' order to transform it to a level easily understandable by students of 
varied and non-science background. The editing process was also essential in order to maintain a thread 
of continuty of philosophy and approach throughout the lesson materials. In the final writing the editors 
decided that a recognised popular science writer should edit the material further to m a k e it is compre­
hensible as possible to a largely lay audience. 
Illustrations have been used as widely as possible and chosen with a view to making the text 
material as clear as possible to the student. The relevant body of information is m a d e available to the 
student, both with regard to our o w n country as well as the region and the world as a whole without 
overloading the book with too m u c h statistics and data. 
This is the first book on the environment oroduced for the tertiary education system in this 
country. While it is directed in the first instance to students in the Affiliated University College System it 
will certainly be useful to the students in the Universities and other Tertiary Educational Institutions. 
Professor I. Balasooriya Prof. K. D. Arudpragasam 
Vice-Chairman Editor-in-Chief 
University Grants Commission 
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C H A P T E R I 
OVERVIEW 
A person's environment is made up of his surroundings. So is it with a plant or an animal. And just 
as we could refer to the environment of an individual, we could also refer to the environment of a group of 
individuals. The environment of a village or other human settlement is made up of the conditions under which 
that community lives. Likewise we could recognize the environment of a grassland or of a forest. On an 
increasing scale, we could recognize the environmental conditions in a whole country, and finally the environment 
of the whole planet, or the global environment. 
Recent years have seen a growing concern for the preservation of the environment, and we see in 
the daily press and elsewhere constant references to the environment in expressions such as 'good environment', 
'hostile environment', 'pollution of the environment', 'environmental degradation'. Such expressions carry distinct 
meanings in the context in which they are used, and their meanings are easily recognized. When we refer to 
an improvement in environmental quality, for instance, in a particular city, we probably refer to improvement 
in a range of conditions for life of the community in that city - conditions such as, the quality of air, water, roads, 
sanitation and housing. On the other hand, when we refer to a metal quarry emitting dust into the environment, 
we are looking at a specific case of atmospheric pollution. Yet again, when a case is cited of a factory 
discharging toxic effluents into the environment we refer to liquid wastes being discharged into the soil or into 
a waterway. The pollutants may find their way into paddy fields or wells and constitute a health hazard. In 
this case, two components of the environment, soil and water, are affected. 
From the foregoing examples, it is seen that the environment is made up of different components. 
These components interact with each other. Environmental studies require that we recognize the different 
components of the environment and their functions and interactions, and the impact of man's activities on them. 
Gross observations are sometimes sufficient for us to recognize environmental changes. An example 
is the emission of smoke from a factory, and this smoke may produce physical discomfort among the people 
living near the factory. On the other hand, many types of environmental changes may not be observable. Their 
effects on the life processes of living things may be slow and not obvious and may pass unnoticed for a time. 
In such cases, quantitative studies will have to be made to determine the environmental changes. Emission 
of carbon monoxide by vehicles in a large city is one such example. 
Let us list the main components of the environment in which plants, animals and man live. When we 
do this, we will see that all components could be classified into two broad categories, namely, physical or 
non-living, and biological or living. The basic physical components are land, water and air. Besides these 
non-living components is energy, of which there is a continuous inflow from the sun. This energy sustains life 
on the planet. 
The living components are the micro-organisms, plants, animals and man. These components interact 
with each other and with the non-living components. Man himself is, in fact, a kind of animal but he occupies 
a dominant place in the environment. In the cburse of his life, he transforms the environment in many ways, 
far beyond the capacity of any other species to do so. Hence human activity should be considered distinct 
from the activities of other animals in relation to the environment. 
1.1 THE PHYSICAL ENVIRONMENT 
1.1.1. Land 
Land covers about three-tenths of the earth's surface and is the home of land living or terrestrial 
organisms. If we consider any particular site, its geographical location on the earth's surface 
determines many of its environmental conditions such as temperature, light intensity and 
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durat ion, seasonality, and rainfall. Alt i tude, measured as the height above sea level, is an 
important determinant of temperature. 
1.1.2. Soil 
It must be emphasized that, a l though soil is placed together with the non-l iving components of 
the environment, an important part of it consists of micro-organisms and other species that live 
within it. 
The soil in a particular region of a country derives its characteristics f rom its parent rock and 
the climatic condit ions under which it was formed. Soils are of different types with varying 
physical and chemical characteristics; eg.sandy soil , clayey soil , saline soil , acidic soil, soil rich 
in mineral nutrients. All these characteristics affect the plants that grow on it and are important 
in determining the use to which the land could be put. 
1.1.3. Water 
Oceans cover seven-tenths of the world's surface. They are the home for countless species of 
plants and animals. Life first evolved in the ocean, and all living beings continue to be heavily 
dependent on water. Water is the medium for all metabolic processes in living matter, and a 
very high per centage of the body weight of plants and animals is made up of water. 
Oceans have a major influence on the cl imate of the earth and therefore affect terrestrial life 
forms as well . 
On land, water is of critical importance to all life. Very often the soil moisture regime determines 
the structure and composit ion of plant communit ies found in a given location. The differences 
a m o n g the natural forests in the wet, dry and arid zones of Sri Lanka, for example, are a 
reflection of the quantity of rainfall and its seasonal distribution. In the dry zone there is a dry 
period of several months where soil moisture becomes minimal . The dry period is of longer 
duration in the arid zone. The natural vegetation in the three zones are described as wet 
evergreen forest, dry mixed evergreen forest and thorn forest respectively. 
1.1.4. Atmosphere 
The average composit ion of the atmosphere varies little f rom place to place, except for its 
moisture content. The variation in moisture content is a very important environmental 
condit ion affecting plant growth. Air temperature is another important environmental condit ion 
that profoundly affects both plant and animal life. Air is in constant motion and its movement 
creates winds. Winds too are important environmental factors. Under normal condit ions winds 
blowing in from the ocean bring rainfall, e.g. convectional rains and monsoonal rains. Cyclones 
that somet imes strike the country are extreme cases of natural disasters caused by wind. 
It was stated above that there is little variation in the composit ion of the atmosphere. This 
is largely true of the natural state, except where volcanic activity introduces materials into the 
atmosphere . However we should take note' of two man- induced changes in atmospheric 
composi t ion, which in recent years have been recognized as having damaging effects on the 
environment. These changes, though very small f rom one year to the next, show a continuing 
trend and will have a cumulative effect. One is the increasing content of carbon dioxide in the 
atmosphere as a result of the burning of carbon fuels and the rapid pace of deforestat ion. 
Levels of carbon dioxide in the atmosphere have increased over the years and scientists fear 
that this can cause global warming. 
The other man- induced change is the introduction of chlorof luoro-carbons and other compounds 
that react with the ozone, into the atmosphere. These man-made industrial chemicals rise up 
into the upper atmosphere and destroy the ozone layer that shields the Earth f rom the harmful 
ultra violet radiation coming from the sun. 
1.1.5. Energy 
All living beings need energy for growth and survival, and the ultimate source of this energy 
is the sun. At all t imes some part of the Earth receives energy from the sun, some places more 
than others. Averaged over the globe, about 30 per cent of the incoming radiation is reflected 
back before it reaches the surface of the Earth. About 50 per cent reaches land or ocean where 
it is absorbed as heat. Of the balance, one to three per cent, consist ing mainly of short 
wave ultraviolet radiation, is absorbed by the ozone layer in the upper atmosphere. Nearly all 
of the balance is absorbed by the atmosphere mainly due to the presence of water vapour, dust 
and water droplets. Solar radiation received by the earth heat the atmosphere and the oceans 
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giving rise to winds and ocean currents. These are of profound importance in condit ioning the 
Earth's environment. 
On an average, only about 0.1 per cent of the total incoming solar radiation is f ixed by green 
plants, through the process known as photosynthesis, in the organic substances that are 
produced. In absolute terms, however, this enables production of as much as 150 to 200 billion 
tons of dry organic matter annually. The energy bound in organic substances by green plants 
sustains the life support systems of the Earth. 
The energy absorbed f rom solar radiation is balanced (in the long term) by outgoing radiation 
f rom the Earth and atmosphere. The terrestrial radiation is in the long wave range. A part of 
this is absorbed and re-emitted as long wave radiation or heat by the green house gases: carbon 
dioxide, methane, water vapour, etc. 
The natural green house effect of these gases maintains the Earth temperature at the present 
levels. Any increase in the concentrat ion of green house gases in the a tmosphere wil l , increase 
global temperatures. 
1.2 THE LIVING ENVIRONMENT 
Life is bel ieved to have first appeared on earth about 3.5 billion years ago in the primeval seas. The 
environment at that t ime was far different to what it is now. The atmosphere was totally devoid of 
oxygen . After green plants appeared they began fixing solar energy by photosynthesis a n d releasing 
free oxygen into the air as a by-product. 
Over 3 billion years of biological evolution has produced the living environment of today consist ing of 
millions of species of plants and animals that live all over the Earth. 
Green plants bind solar energy and produce carbohydrates. These carbohydrates and other organic 
substances produced by the plants go to form the plant body. The plant body forms the base f rom which 
energy passes as food to other organisms that cannot manufacture their own food. Animals feed on 
the plants and these animals are in turn eaten by other animals. Excretory materials produced by plants 
and animals and dead plant and animal material form the food of microorganisms. Microorganisms 
derive energy for their own life by breaking down this animal and plant material into simple components . 
In this manner materials are returned to the non-l iving part of the ecosystem. 
During geological history plant material has been buried and become fossi l ised. The energy that was 
fixed by these plants when they were alive remains bound in the fossil ised material and now serves as 
energy reserves for human use and are referred to as fossil fuels. Oil, coal and natural gas which are 
fossil fuels are found in certain geological layers of the earth. Over the past 200 years, and more 
especially in the past few decades, man has been responsible for large scale burning of fossil fuels, 
releasing large quantit ies of carbon dioxide into the atmosphere. 
The chemical e lements that are required by living organisms are finite in quantity and are cycled through 
organisms and the environment. Carbon dioxide, oxygen and nitrogen are used in substantial 
quantit ies by living organisms. The elements carbon, nitrogen and oxygen undergo circulation on a 
global scale (the carbon, nitrogen and oxygen cycles). 
Mineral nutrients that are taken up f rom the soil and from organic matter at different stages in the food 
chains are eventually returned to the soil. A part of these nutrients are recycled within a short t ime 
through reabsorption by plants while some of it gets leached out and carried to the oceans to form 
sediments. These form rocks and, over geological t ime periods, may get uplifted and exposed to action 
of water and wind to form soil (by weathering) . The minerals contained in them become available for 
use by plants once more. It must be noted that nutrient recycling is a more complex process than is 
briefly descr ibed here. Harvesting of fish f rom the ocean by man brings back minerals to the land from 
the ocean in a far shorter t ime than described earlier. 
1.3 HUMAN ACTIVITY 
Man and his immediate ancestors have inhabited this planet for only around one million years - a very 
brief period on the geological t ime scale. Throughout nearly the whole of this per iod, he lived as a part 
of nature, much like other species. During this t ime he took f rom his environment only what was 
essential for survival and released into the environment only natural waste products. But in the past few 
centuries, this has changed dramatical ly. Using his unique intellect, he has broken through many natural 
barriers in an attempt to attain a higher quality of life. Perhaps for no other reason than that, he treated 
these barriers as a chal lenge to his intellect and ingenuity. He has conquered the air and, subsequent ly , 
space. He defeated the causative organisms of disease and prolonged human life dramatical ly. He 
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discovered and went on to exploit the vast energy resources locked up in the earth as fossil fuels. And 
by splitt ing the a tom, once thought to be indestructible, he has unleashed a vast new source of energy. 
He invented the art of writ ing a n d of making paper. He has s imulated some funct ions of the h u m a n brain 
and enhanced its capability by inventing the computer . He has manipulated the genetic process, first 
through breeding and later by gene technology to vastly increase agricultural product ion a m o n g other 
things. 
What do all these mean in terms of their effect on the environment? 
The lengthening of human life has resulted in a sharp increase in populat ion in the poorer countr ies, 
where birth rates have cont inued to remain high. With the rapidly increasing human populat ion, the 
d e m a n d for living space, food and other basic necessit ies, has increased rapidly. As the earth's 
resources are finite, this has created an increasing stress on many natural resources. 
In most parts of the tropics natural forests are being felled and the land used for shifting cult ivation. This 
practice, cont inued year after year, has resulted in the creation of vast tracts of barren land out of areas 
that were once rich in natural forest. With the loss of forests there is a severe depletion of biological 
diversity, including the extinction of species. Another trend is the selective felling of species in high 
d e m a n d . Al though this does not result in deforestation there is a serious threat to the survival of some 
species. 
Wi th the increase in populat ion and the growing shortage of land, agriculture has spread to inappropriate 
land areas such as steep slopes and is carried out without proper soil conservat ion measures, resulting 
in severe soil erosion. A single centimetre of top soil may take a hundred years or more to fo rm, but 
could be lost in a very short period through improper land management . 
In many areas where rain fed agriculture is not possible irrigation is carried out. And irrigation 
agriculture has, in many countries, led to the build up of salinity in the soil resulting in large areas being 
abandoned . Advances in agricultural science have brought out new, high-yielding varieties, but these 
require huge inputs of fertilizer and the use of chemical pesticides which pollute the environment. 
Pesticides enter food chains, get concentrated in the bodies of herbivores, and are finally consumed by 
man . Fertilizers leached into inland water bodies increase the level of nutrients in the water. This results 
in huge increases in algal populat ions. As the algae die and decay, because of the vast numbers 
involved, there is depletion of oxygen. This results in mass scale death of fish and other aquatic 
creatures whose oxygen supplies get exhausted. 
In many countr ies, the coastal regions carry the highest population densit ies. As a result of increased 
human activity there are severe environmental stresses in the coastal zone of many countries. 
Examples are overf ishing of near shore areas, particularly lagoons and estuaries, cutting of mangrove 
vegetat ion, coral mining, and the discharge of industrial effluents and raw sewage into coastal waters. 
These activities are being carried out at a rapidly increasing rate by a fast expanding populat ion. 
Industrialization is a recent trend in the developing countries. A m o n g the by-products of industry are 
effluents and other waste products. These countries cannot afford the high costs of waste treatment, 
and often the waste is directly discharged into the environment polluting the air, water and soil . Many 
of these waste products are health hazards; some are capable of causing cancers. 
In the developing countr ies, the basic underlying cause of environmental degradat ion is poverty. 
Degradat ion of the environment results f rom poor housing, absence of toilet facilities, lack of access 
to safe water, a n d the lack of facilities for solid waste disposal . A large proport ion of the populat ion in 
the cities live in slums and shanties. It is, therefore, evident that in the developing countries, environmental 
improvement programmes have to be linked with economic development programmes if they are to 
prove effective. 
In the deve loped countries, the high levels of per capita consumpt ion of resources give rise to 
environmental degradat ion which assumes global d imensions. The discharge of carbon dioxide and the 
use of ozone depleting substances which occur mainly in the developed countries are now recognized 
as causing serious environmental problems on a global scale. 
Today there is enough scientific evidence to show that many renewable natural resources are being 
exploited at a much faster rate than their capacity for renewal and that the environment is subject to 
degradat ion beyond its capacity for self adjustment. 
SECTION I 
THE NATURAL ENVmONMENT 
T he word environment has come into common use only in the last three or four decades. Until quite recently even scientists did not 
understand, that roe live on an earth which, is made up of closely 
interacting and, integrated, living systems and, non-living systems, materials 
and, processes. Now that we axe beginning to understand, how complex these 
inteiielalionships are we are also beginning to understand, that rue can 
interfere with natural processes only at great risk to ourselves.In the 
Chaplen that follow a very simplified picture ofivhat the natural environment 
is and of hoiu it functions is presented, A special Chapter has been devoted 
to the 'Role of forests in nature' because, especially in today's context forests 
have come into focus as critical p( iris of the natural environment which is 
being destroyed, at a very rapid, rale. 
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C H A P T E R 2 
S Y S T E M S O F N A T U R E 
The natural environment is made up of living matter and non-l iving matter and includes all the physical , 
chemical and biological processes of the earth system. The natural environment of the earth has evolved over 
4.5 billion years of Earth history. During most of this long period it was controlled only by the forces of nature. 
However, in the last 8000 years or so. a n d especially in the last 200 years, man's interventions have modif ied 
the natural environment in many ways. 
In order to understand the complexity of natural systems, let us begin by consider ing a very simple 
example. Consider life around a jam tree in a garden. Early morning a parakeet, a squirrel , a woodpecker , 
a bee and a w a s p may be seen to visit it. Later in the day, several butterflies hover around the tree. All these 
animals are attracted to this single tree because it provides them with food. The squirrel and parakeet eat the 
fruits; the butterfly and bee take nectar and pollen from its f lowers; the wasp preys on the bees as well as on 
other insects that live on the tree; the woodpecker searches the bark of the tree trunk and branches for insects 
that live there. The tree provides food for some of these animals and food and shelter for others. 
Consider the tree, itself. It is rooted in the soil and its branches spread out and expose the leaves 
to sunlight. The roots draw water and nutrients from the soil. The leaves take in carbon dioxide f rom the 
atmosphere and energy from sunlight. In the leaves there is a green substance called chlorophyll wh ich gives 
them the green colour. In the presence of chlorophyll and sunlight, carbon dioxide and water are converted 
to carbohydrates. This process, called photosynthesis, is basic to life on earth. Only green plants (trees, 
shrubs, grasses, microscopic algae) are able to carry out the process of photosynthesis. All other life forms 
ultimately depend on the carbohydrates produced by this process for their food and energy directly or indirectly. 
This is why we see so many animals coming to this single j am tree. 
Animals seek plants not only for food and shelter. Let us look at some other examples as well . Two 
sun birds have built a nest in a bush in a hedge using three leaves they have carefully woven together. They 
have lined the nest with soft grass leaves which they have collected from the ne ighbourhood. Here, the female 
will lay its eggs and rear its young . 
In a lemon bush near the hedge, a butterfly is hovering. It alights on a leaf for a few seconds and 
then moves away. It comes back many t imes repeating the activity. A s the lemon bush is not in flower, the 
butterfly is not looking for food there. An examinat ion of the leaf shows that the butterfly has laid one tiny yellow 
egg on the under surface of each leaf it visited. These eggs will hatch out into caterpillars. The caterpil lars will 
feed on the lemon leaves. The lemon bush in this case provides the site for laying of eggs and the food 
for the caterpillar. The associat ion between the butterfly and the lemon bush is close. This particular species 
of butterfly will a lways lay its eggs on this particular species of plant. This associat ion is not accidental . It 
must have developed over many thousands of years. 
At dusk, no one walks underneath an avenue of Albizzia trees. Crows in large numbers have come 
to roost for the night in the tree. They fly around cawing loudly, before coming to rest. The tree provides these 
birds shelter during the night. Most of them come to this tree regularly. They have done so for a long t ime. 
During the day, the birds go elsewhere in search of food. 
The examples given above will help us to understand the close associat ion between soil and plant, plant 
and a tmosphere , sunlight and water, plant and animal. W e see that animals need particular types of food, 
special places to rest, precise locations for laying eggs, locations for nests. It is very important to note that these 
relationships are not accidental . They have evolved and existed over long periods of t ime. 
Now that we have understood how close and complex the inter relationships are between the living 
and the non-l iv ing, between plant and animal , even within the confines of a single tree, we can understand how 
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much more complex the cross connect ions will be in a forest of trees not of a single species but of many 
species. 
Think of a tropical rain forest like the Sinharaja or the huge forests found in the Amazon or in Indonesia. 
In these forests there are many thousands of species of plants each using sunlight to produce basic foods. 
Every one of these plants has its own associations of animals large and small . 
FIGURE 2.1 - MAJOR COMPONENTS OF A FOREST ECOSYSTEM 
There are connect ions and cross connect ions amongst all these plants and animals. There is constant activity 
and continual exchange of materials. 
Forests like the Sinharaja have existed for many millions of years as a dynamic living system. No 
fer t i l i zers are added to support growth, neither are pesticides applied to control pests. No replanting is done. 
The soil system replenishes its nutrient status by materials that are recycled from the living to non-l iving. Dead 
leaves return materials to the soil . Plants grow, flower, produce seeds and multiply. Animals are born, grow, 
breed and die. For some t ime, materials are held within the living bodies of plants and animals. After death, 
micro-organisms (bacteria, fungi) break down the dead material and return it to the environment for reuse. 
Figure 2.1 is a highly simplif ied illustration of such a system. 
A sys tem such as the above is largely self-sustaining, wi th cont inuous cycl ing and recycling of 
materials between the non-l iving and living components . One major input is required to drive the entire system. 
That is energy. Energy comes from sunlight. Energy is not cycled. It passes through the system once and 
is lost to the environment: it has to be continuously supplied. 
Natural systems such as these, composed of non-living and living parts, through which materials 
pass in cycles driven by solar energy are called ecosystems. Ecosystems may be small or they may be 
large, for example a single tree or a huge forest. The larger the system, the more complete is the internal cycling 
of materials. The smaller the system, the more the inputs that are derived from adjacent systems. 
It is very important to understand that ecosystems, large or small , are not static. They are dynamic 
systems. In ecosystems like natural forests the various processes and components are in dynamic equil ibrium. 
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Changes in var ious living or non-l iving factors will cause adjustments and shifts in the prevail ing equi l ibr ium. For 
instance the removal of a section of trees from a forest ecosystem will upset the natural balance. An imal 
communit ies will be forced to move and to make various adjustments. A new equi l ibr ium will then be 
established within the system. Human interference destroys the natural balance, and can have adverse effects 
not only on the part of the system directly affected, but also on the whole system and even on other systems 
far away in space and in t ime. 
The earth includes many major a n d minor ecosystems. Some ecosystems are descr ibed in terms of 
a dominant non-l iving part. Others are recognised by a dominant living form. The oceans, lakes, ponds, rivers 
and wet lands are ecosystems which are all dist inguished by a dominant environmental factor - water. Water 
contains all the various living and non-l iving parts of the system. On the other hand, a forest and a grassland 
are defined in terms of major life forms - trees in the case of forests, grasses in the case of grasslands. 
Associated with the dominant forms are the other living and non-l iving components , of the systems, including 
soil, water and a tmosphere . 
All the various ecosystems on earth are connected to one another. These connect ions help to 
preserve their overall stability. Disrupting or stressing an ecosystem in one place can have certain complex, 
unpredictable, and somet imes undesirable effects elsewhere. 
In broad terms, the major ecosystems of the earth may be grouped as T e r r e s t r i a l and A q u a t i c . The 
terrestrial ecosystems include the different types of forests, grasslands, deserts and montane environments. 
The aquatic systems include the oceans, the seas, lagoons, estuaries, ponds, lakes and rivers. The wet lands 
are placed between the terrestrial and aquatic ecosystems. 
Many natural ecosystems include large numbers of plant and animal species. They tend to be stable 
systems. The numbers of species and the population sizes of individual species tend to be relatively constant 
in these ecosystems. However, slow changes may take place. 
What has been descr ibed so far applies mainly to ecosystems as they occur in nature. Mankind has 
radically altered or replaced many of the natural ecosystems and created systems a imed at serving his own 
needs. They may be called man-made ecosystems. Examples are paddy fields and other agricultural 
cult ivations, plantations like tea, rubber, coconut, teak etc. These man-made ecosystems are generally built 
around a single species which we a im to cultivate and they are, therefore called monocultures. In order to 
maintain the stability of monocultures, agricultural monocultures in particular, substantial inputs of fertilizers 
and agrochemicals are required. Unlike natural ecosystems such monocultures are unable to withstand sharp 
changes in environmental condit ions such as the spread of pests and diseases. The forest gardens with a 
mixture of trees, shrubs a n d herbs, is a comparat ively more stable man-made ecosystem (see Box 1). 
The various ecosystems of the earth together form the single Earth ecosystem - the Biosphere. The 
Biosphere is that part of the Planet Earth that supports life. It includes land (lithosphere), water (hydrosphere) 
and air (atmosphere). Within it, materials move more or less in complete cycles from the non-l iving to the 
living through plants and animals and back into the non-l iving environment. The only outside input is solar 
energy, which is the ult imate driving force for the entire system. In its passage through space, a certain 
amount of interstellar dust is also added into the biosphere. 
BOX 1 
FOREST GARDENS 
Forest Gardens have been a long standing traditional practice of Sri Lankan farmers. Such 
gardens have been a major form of land use for many centuries. Considerable areas of 
home gardens still remain in the low country as well as hill country. These are the equivalent 
of forest. Good examples are the Kandyan home gardens which have developed around 
the production ol spices. 
The creation of forest or home gardens is one of the most promising options available for 
reclaiming degraded lands. This option involves full community participation and multiple 
benefits. The home garden is built around individual houses and also as part of the village. 
These gardens include three tiers of vegetation as in a forest i.e. high trees (Jak, Mangoe, 
Avacado), low trees (Rambutan. Sapadilla) and shrubs (Coffee, Cocoa, Spices). The 
particular composit ion of a home garden will depend on locations and especially elevations. 
The multiple benefits derived from home gardens include food, fruits of various types, 
fuelwood, fodder for cattle, valuable timber, and medicnes from medicinal plants. 
From the point ol view of the general environment, the home garden when built into a village 
system resembles in many ways a natural forest. It protects soil, acts as watershed and 
provides the inhabitants of the area with a very comfortable, cool and healthy living 
environment. 
The component ecosystems of the biosphere are inter-connected directly or indirectly. For example, 
water precipitates on land and moves down the rivers to the ocean. Water vapour from the ocean enters the 
atmosphere and comes back to land as rain. Water carries with it materials that are present in the earth crust, 
some of which move through living systems and out again. We can see that in this manner, air, water, land 
and living systems are interconnected. 
Because of this close relationship, a change that takes place in one system or part of a system can 
have far-reaching impacts elsewhere in other systems, e.g.the chemicals Chloro-fluoro-carbons (CFCC) introduced 
into the a tmosphere due to industrial activity at ground level, rise due to atmospheric circulation and reach the 
upper a tmosphere where they destroy the ozone layer. Depletion of ozone in turn al lows the penetration of 
addit ional ultra violet radiation. Ultra violet radiation has certain adverse effects on living systems, including 
humans . Ultra violet radiation increases mutat ion rates (rate of change in hereditary material) and can br ing 
about changes in animals and plants which can lead to other changes. 
In our country, cultivation of sloping land without adopting adequate soil conservat ion measures causes 
soil erosion and increased silt loads in rivers. The silt carried downstream to estuaries and lagoons cause 
destruction of sea grass ecosystems which are the breeding grounds of many species of f ish. 
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STRUCTURE AND FUNCTIONING OF ECOSYSTEMS 
All ecosystems are composed of two main components: (i) the abiotic or non-l iving component and (ii) the 
biotic or living component . 
3.1 ABIOTIC COMPONENTS 
The major abiotic components of the Earth system include the atmosphere, lithosphere and 
hydrosphere. This is illustrated in Figure 3 .1 . Figure 3.2 shows a vertical section of the 
Fig 
; Hydrosphere 
(average 3.8 km) 
FIGURE 3.1 INTERNAL STRUCTURE OF THE EARTH 
atmosphere (see also Chapter 20). The atmosphere consists of the gaseous components of the 
Earth, or air, the l ithosphere includes the crust and part of the upper mantle (rocks, soils and 
sediments) and the hydrosphere includes oceans and fresh water bodies. Each is linked to the other 
and to life in many ways. 
Many important physical and chemical properties of the major components , air, land and water, 
influence living systems. These include solar radiation, temperature and rainfall (which together 
determine climate) salinity and pH (measure of acidity and alkalinity). 
Within each ecosystem the physical and chemical factors interact to produce a range of environmental 
condit ions specific to the system. For example, the abiotic condit ions deep in the ocean are very 
different f rom those in the middle of a desert. A brief account of how some important factors act to 
influence life is given here. 
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3.1.1. Solar Radiation 
Nearly all the energy that is available to the Earth comes from the sun. Energy is released by the 
sun in the form of electro magnetic radiations (see Box 2). Of the solar energy that enters the 
Earth's a tmosphere only about half reaches the Earth's surface. The rest is either absorbed by 
the a tmosphere or is reflected by the atmosphere back into space. A m o n g the radiations absorbed 
by the a tmosphere are X rays and ultraviolet rays both of which are harmful to human beings. Solar 
energy is responsible for driving the hydrological cycle and biogeochemical cycles descr ibed in the 
next chapter. As stated earlier, solar energy drives living systems. 
BOX 2 
ELECTROMAGNETIC RADIATION 
The sun releases energy held in hydrogen a toms by a cont inuous process of nuclear 
fusion that takes place in its substance. In this process two hydrogens fuse with one 
another producing helium and releasing huge quantit ies of energy. The energy so 
released radiates from the sun in all directions through the 'near vacuum' of space 
'electromagnetic radiation'. 
Electromagnetic radiation passes through space in the form of 'electromagnetic 
waves'. These waves are of different types, dist inguished by their wavelengths (see 
figure 3.3). The wave length range from tiny fractions of a micron (represented by the 
Greek letter U, pronounced mu) to tens of ki lometres. The unit of measurement of 
wavelength is the micron U which equals 1 mill ionth of a metre. The entire observed 
range of wave lengths of e lect romagnet ic radiat ion is referred to as the 
'electromagnetic spectrum'. It includes light waves, radio waves and microwaves. 
The fol lowing table (Table 3.1) lists some of the types of electromagnetic radiation and 
their wavelengths. The spectrum is shown by Figure 3.3. 
Type of Radiation Range of Wave length 
Radio 1 m m 100 km 
Radar (microwave) 1 m m 30 cm 
Infra Red 1 m m 780 nm 
Visible 780 nm - 310 nm 
Ultraviolet 310 nm - 10 nm 
X - rays 0.1 pm 1 pm 
pm - picometre nm - nanometre 
TABLE 3.1- ELECTRO MAGNETIC RADIATIONS AND THEIR WAVE LENGTHS 
The solar radiation that reaches our Planet may be reflected back into space, 
absorbed by atmospheric gases or transmitted to the surface of the earth. The three 
processes may also take place simultaneously. 
.A glass window, for example may reflect part of the light falling on it, absorb another 
part getting heated in the process, and transmit part of it into a room, heating the 
room. 
Most of the UV radiations from the sun are absorbed in the upper a tmosphere by 0 2 , 
N 2 and especially by ozone. Ozone forms a layer extending from about 15 - 32 km 
above the earth's surface. Visible radiations are transmitted to the surface as sunlight. 
Infra-red radiations are absorbed in the lower atmosphere by C 0 2 and H 2 0 heating 
the large atmosphere in the process. Those parts of the atmosphere which absorb 
certain wave- lengths can also radiate those wavelengths. Long wave radiations pass 
out to space f rom the lower atmosphere but in lesser quantit ies than it has absorbed. 
A part of it serves to heat the atmosphere giving the earth its current temperature 
pattern. 
Transport of solar energy from the sun to the earth takes place in a vacuum (no 
med ium is required) at the speed of light (299,792 km/sec) . In the atmosphere energy 
is transported either by diffusion which involves the motions of molecules or convection 
which involves the movement of parcels of air. 
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FIGURE 3.2 - VERTICAL STRUCTURE OF TEH ATMOSPHERE 
Sunlight provides the energy for photosynthesis by which organic materials are produced. This process 
is the base for all life on Earth. Al though sunlight falls on the entire part of the globe exposed to the 
sun at a given t ime it does not reach all parts of the Earth with uniform intensity. It is greatest in the 
tropics where the sun is almost directly overhead and is least in the polar regions. As one moves f rom 
the tropics towards the polar regions, there is also a seasonal variation in the durat ion of light. In 
temperate countr ies, the m a x i m u m light is received during the summer and min imum during the winter. 
The length of the day varies with the season: it is long in summer and short in winter. In the tropics, 
the variation in the length of the day (day length) is small . 
3.1.2. Temperature 
A major effect of solar radiation is the heating of the Earth at its surface. This is expressed as 
temperature of air, water and land. As solar radiation does not reach all parts of the earth uniformly it 
results in differential heating. The highest temperatures occur north and south of the equator. The 
temperature decreases as one proceeds towards the poles. Near the equator the temperature usually 
ranges between 25°C and 30°C showing little seasonal variation. In the temperate and cold areas 
temperature varies f rom about 25°C down to freezing point and below. In these areas the variation in 
temperature through the years gives rise to clearly demarcated seasons, namely spr ing, summer , 
autumn and winter. 
Animal and plant species have different capacit ies of temperature tolerance. Hence the flora and fauna 
of the tropical regions on either side of the equator are different f rom those of the temperate regions. 
These in turn are different from those of the Arctic. 
3.1.3 Precipitation 
Precipitation which occurs mainly as rainfall, has an important effect on ecosystems. The annual rainfall 
and its distribution during the year are of practical signif icance. The global air currents, their intensity, 
direction and moisture content influence the broad distribution of rainfall over the Earth. 
3.1.4. Climate 
Temperature and precipitation are the key determinants of cl imate. Together they influence the 
establ ishment of various communit ies and ecosystems. The various ecosystems of the world such as 
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FIGURE 3.3 - SPECTRAL COMPOSITION OF SOLAR RADIATION 
Tropical Rain Forest, Temperate Forest, Temperate Grasslands and the Arctic Tundra are also referred 
to as Biomes. The distribution of these are primarily determined by cl imate. 
3.1.5. Atmosphere 
The a tmosphere surrounds the Earth. It is composed of gas molecules held close to the Earth's surface 
by gravitat ion. It consists of nitrogen (78%), oxygen(20%) , carbon dioxide (0.03%), and minute quantit ies 
of inert gases (gases which do not undergo chemical reactions) such as argon, neon, crypton. It also 
contains varying amounts of water. Dust particles called particulates are also found in varying amounts . 
During l ightning nitrogen reacts with atmospheric oxygen to give oxides of ni trogen, which are then 
w a s h e d d o w n to the surface by the rain as nitrites and nitrates. In this manner nitrogen f rom the 
a tmosphere enters the nitrogen cycle in nature. Under normal condit ions, the atmosphere is clear and 
permits the passage of light through it, enabling plants to receive sunlight. 
Some of the atmospheric gases have the capacity to absorb heat. These are called 'Green House 
Gases'. Carbon dioxide, water vapor and ozone are three of the naturally occurr ing greenhouse 
gases in the a tmosphere . Green house gases are responsible for maintaining the present levels of 
temperature of the earth. If the amount of these gases increases in the atmosphere then more heat will 
be t rapped and the Earth's atmosphere will get warmer. These gases have been increasing in the 
a tmosphere in recent years. Increase of carbon dioxide and inputs of certain other gases are now 
tending to cause global warming. This phenomenon will be discussed in detail later. 
Under normal condit ions the atmosphere also contains a layer of ozone in the stratosphere (the part 
of the a tmosphere about 20 km above the Earth's surface - Figure 3.2). This ozone layer traps a part 
of the Ultra Violet rays and X-rays, reducing the amount of these harmful rays reaching the biosphere. 
However, in recent years the introduction of the chlorofluoro carbons (CFCC) into the atmosphere has 
been shown to damage the ozone layer. CFCC are chemicals that have been used for many years in 
aerosols and in refrigeration. Many other potential ozone destroying chemicals are now being identified. 
Solar energy causes constant movements of air in the form of winds and wind systems forming 
atmospher ic circulation patterns. The major atmospheric circulation is global in nature. It has already 
been said that there is differential heating of the globe. The atmosphere too reacts to this differential 
heat ing. Air heated at or near the equator rises up. moves north and south and then descends to 
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FIGURES 3.4 THE RAW MATERIALS, THEIR SOURCES AND END PRODUCTS OF PHOTOSYNTHESIS 
the earth again at mid latitudes. The rotation of the Earth also influences atmospheric circulat ion. 
Therefore, there is circulation of the atmosphere in certain predictable patterns. In addit ion to this major 
circulation, there are other regional and local movements of air. The monsoonal systems of the Indian 
ocean region is an example. The air which circulates in this manner carries with it loads of water vapour, 
which are precipitated as rains in various parts of the globe. 
3.1.6. Soil 
The rock material that underlies the soil is called the geological substratum. These rocks undergo 
weather ing and other changes by the action of vegetation and cl imate, and eventually give rise to soil. 
Because rocks contribute to soil formation, the nature of the rocks affect the type of soil formed. Soil 
in turn will influence the vegetat ion that will grow on it. The major non-l iving components of soil are 
mineral materials, organic matter, water and air. 
3.1.7. Salinity 
About 73 per cent of the surface of the Earth is covered by oceans. The average salinity of the ocean 
water is about 35 parts per thousand. Animals and plants differ in their capacity to live in salt water. 
Marine animals usually cannot live in fresh water and vice versa. Where fresh waters and salt waters 
mix the salinity is lowered. Certain types of animals and plants are able to live in waters of low salinity 
as for e.g., in estuaries. In fresh waters there is little or no salt. 
Even on land the quantity of salt in the soil influences the type of organisms that can survive. When 
water evaporates f rom the surface of the soil the small amount of salt in the water is left behind. 
Accumulat ion of salts in this manner causes what is described as salinisation (see Chapter 16). 
Salinisation can happen naturally. It also happens quite commonly in irrigated systems of agriculture. 
3.1.8. pH 
pH is a measure of the acidity or alkalinity of a medium. In aquatic systems acidity or low pH levels 
cannot be tolerated by a number of organisms, in soil systems the pH influences the types of soil 
communi t ies and also the types of vegetation the soil can support. 
3.2. BIOTIC COMPONENTS 
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The biotic components of ecosystems are plants, animals and m i c r o o r g a n i s m s . 
3.2.1. Plants 
Green plants synthesise their own food and are called a u t o t r o p h s and therefore do not depend on any 
other organisms for food. These are also referred to as primary p r o d u c e r s . All other organisms 
derive their nutrition from this base. 
Plants that are green have a special pigment called c h l o r o p h y l l . This pigment in plants has the ability 
to absorb light energy f rom the sun. Using light energy green plants convert carbon dioxide and water 
to glucose (a simple carbohydrate) . The energy is stored in the glucose molecule. This process whereby 
light energy is converted to chemical energy bound in simple organic substances is called photosynthesis. 
(Figure 3.4) 
The chemical reaction in photosynthesis may be indicated simply by the fol lowing equation: 
C H L O R O P H Y L L 
Carbon + Water
 > Glucose + Oxygen + Water 
d l o x l d e
 L IGHT ENERGY 
(Raw materials) (End products) 
The simple raw materials for photosynthesis are obtained from the surroundings of the plant. Terrestrial 
plants use carbon dioxide from the atmosphere and water from the soil for their photosynthetic 
requirements. Plants in fresh water and marine systems on the other hand, use the carbon dioxide 
dissolved in the water and water from the surrounding medium. 
Primary p r o d u c e r s are of various sizes and shapes. They may range from simple, unicellular, 
microscopic forms (Ch lo re l l a ) to highly complex gigantic forms such as S e q u o i a , the Red W o o d s of USA 
which are the tallest trees in the world. Primary producers are found in the oceans, in fresh water bodies 
and in terrestrial habitats. Every ecosystem, big or small , has its own group of primary producers. In 
the oceans the major producers are the microscopic algae ( p h y t o p l a n k t o n ) , while on land they are the 
trees, shrubs and herbs. 
Primary P r o d u c t i o n is the process by which the basic food materials for the living components of 
ecosystems are produced using the sun's energy. As we have seen earlier the plant in the presence 
of sunlight produces carbohydrates. A part of the material produced is used up for the processes of life 
of the plants such as respiration, growth and reproduction. A part of the material that is produced by 
the primary producers is available for support ing other organisms including animal species within 
ecosystems. 
The most productive ecosystems are those in the intermediate zone dominated by sea grass where 
yields as high as 14,600 grams per square metre per year have been recorded. Compared to this, yields 
in estuaries and coral reefs range between 3600 - 9100 g/m 2 /yr , tropical forests and marshlands range 
b e t w e e n 1 5 0 0 - 3 0 0 0 g / m 2 / y r , t e m p e r a t e f o r e s t s 1 1 0 0 - 1 5 0 0 
g /m z /y r and dry deserts 200 g/m 2 /yr . 
3.2.2. T r o p h i c Levels and feeding r e l a t i o n s h i p s 
All ecosystems, have primary producers as their base. The other biotic components of ecosystems are 
unable to produce their own foods and depend directly or indirectly on the producer base. These 
are cal led h e t e r o t r o p h s . There are plant eaters or h e r b i v o r e s which are called primary c o n s u m e r s . 
These feed directly on the producers (plants) and include a large variety of insects and many types of 
vertebrate animals such as deer, rabbit and elephant. Meat eaters or c a r n i v o r e s in turn feed on the 
herbivores or primary consumers and are called the s e c o n d a r y c o n s u m e r s . Animals such as frogs, 
l izards, snakes, sand fish, etc are examples of this group. The secondary consumers are fed upon in 
turn by tertiary c o n s u m e r s such as lions, hawks, large f ish. O m n i v o r e s such as pigs and man feed 
on both plants and animals. In addition to producers and consumers all ecosystems have a category 
of o rgan isms cal led d e c o m p o s e r s which include bacteria and fungi . Decomposers break d o w n the 
complex organic compounds in the waste materials produced by plants and animals and in their dead 
and decaying remains. As a result the chemical components in these materials are released to the 
environment and become available for reuse by other organisms. 
The energy derived from the sun and fixed in the producer as chemical energy f lows through the living 
components of the ecosystems. W h e n primary consumers feed on primary producers a part of the 
energy stored in them flows into these consumers . A part of this energy is used to maintain the life 
processes of these consumers . A part is available for transfer to the next level of consumers . Most of 
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the energy fixed by the primary producer is lost to the environment at every transfer from one trophic 
level to the next. The biotic components of an ecosystem are interconnected on the basis of feeding 
and energy transfer relationships i.e. producer, primary consumer, secondary consumer, tertiary consumer, 
decomposer . 
Each link in this sequence of energy transfers is called a trophic level. The sequence of the transfer 
of energy and materials between trophic levels is a food chain. Collectively all the producers in an 
ecosystem comprise the first level of feeding or first trophic level and the first level at which energy 
enters the system. All the herbivores or primary consumers in the ecosystem together compr ise the 
second level of feeding or second trophic level a n d the second level to which energy may be 
transferred. All carnivores or secondary consumers in the ecosystem comprise the third level of feeding 
or third trophic level and the third level to which energy may be transferred. Trophic levels and energy 
f low are i l lustrated in Figure 3.5. 
It should be noted that a considerable amount of energy (about 90 per cent) is lost at each trophic level. 
Therefore, the largest quantity of energy is found in the producers, with reducing amounts of energy in 
the pr imary a n d secondary consumers and the smallest in the tertiary consumers . W h e n this relationship 
is represented diagrammatical ly a pyramid of energy is produced, with producers at the base of a 
pyramid and tertiary consumers at the apex. It is also possible to compare the numbers of organisms 
at each of those levels. Again a pyramid of numbers results with a huge number of organisms at the 
base, rapidly reducing to a very small number at the apex. In like manner it is also possible to construct 
a pyramid of biomass which gives a more accurate picture than the numbers pyramid . Here the total 
b iomass at each level is recorded. Figure 3.6 i l lustrates the pyramid of energy and numbers . 
T w o important principles which emerge from the food chain concept are 
(i) all life begins with green plants and all our food can eventually be traced back to green plants, 
(ii) the shorter the food chain the more efficient it is. 
For example: In the food chain rice — > man a much greater proportion of the energy that is f ixed by 
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FIGURE 3.6 - PYRAMID OF N U M B E R S A N D ENERGY 
the green plant is available to man than in the food chain grass — > cow — > man. This is illustrated 
in Figure 3.7. 
In nature isolated food chains rarely exist. More than one herbivore species may teed on one producer 
species. Similarly more than one carnivore species may feed on one herbivore species. Omnivores 
such as man may feed on plants and animals which belong to different trophic levels. As a result many 
different food chains cross link and intertwine to form a complex system called a food web. Figure 3.8 
illustrates a simple food web of a terrestrial ecosystem. 
3.2.3. Composition of ecosystems - Populations and Communities 
The Biosphere consists of numerous ecosystems of varying size. Each ecosystem is composed of 
biotic and abiotic components . All the organisms living in the ecosystem together form the biotic 
component of the ecosystem. The organisms belong to a large and varied numbers of species. 
Individual organisms of a particular species together build up species populat ions. Species populat ions 
may be def ined as the number of individuals of a given species living in a specific area at a specific t ime; 
e.g. w e can speak of the elephant (species population) in the Yala national park (area) in 1992 (given 
t ime). All the species both plants and animals and micro-organisms living and interacting together in a 
given area form what is called a community. Levels of organization in the biosphere are illustrated in 
Figure 3.9. 
W e can talk of the animal communit ies of the Yala National Park which would include animals like the 
elephant, deer, wi ld boar, crocodiles, snakes and birds and the plant communi t ies of the Yala National 
Park which would include various types of trees, shrubs and grasses. This whole assemblage of 
organisms have come together over a long period of time. They interact with each other and with the 
non-l iving environment, taking some materials from it and putting other materials back. They form part 
of a dynamic system existing in equil ibrium. Each species has a particular place in the system and plays 
a particular role. This is referred to as the ecological niche of the particular species. 
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To illustrate the concept of an ecological niche, we may consider the ecological niche of a specific 
animal . A rabbit, for instance, requires from the environment a certain range of temperature, a def ined 
quantity of water and humidity, and specific items of food in specific quantit ies. It also requires a certain 
amount of l iving space of a particular type, special arrangements for breeding and care of its young . 
It releases into the environment C 0 2 , nitrogen waste and faecal matter. Its def ined role within the system 
is the consumpt ion of a certain quantity of plant material f rom a predetermined range of plant species. 
These together define the niche of the animal . The niche of a leopard, on the other hand, wou ld be very 
different and has to be defined using the elements of its requirements f rom the non-l iv ing environment, 
requirements f rom the living environment and the direct and indirect effects the animal has on its 
surroundings. 
W h e n similar ecosystems are compared it is possible to identify similar niches in these systems. In 
balanced ecosystems every one of these niches will be occupied. But in comparable ecosystems in 
different parts of the world similar niches will usually be filled by different species of animals and plants 
adapted to those ecosystems. 
For example: large herbivores graze in open country in different parts of the wor ld . These are infested 
by ticks which belong to various species. Always associated with these herbivores are tick birds. The 
funct ion of the tick birds is to remove the tick from the bodies of the herbivores. In this process they 
feed themselves. We see here two feeding niches. The herbivore feeding on the grass and the tick 
birds feeding o n the ticks. No two species can occupy precisely the same niche in a particular 
communi ty . Through competi t ion for food, shelter and space one will achieve dominance driving the 
other into total extinction. 
3.2.4. Man's ecological niche 
Man once belonged to a grassland ecosystem. He lived on grasslands at the edge of forests. He moved 
about in groups, walk ing or running. He hunted small animals at first. Later he began to hunt large 
animals using coordinated and co-operat ive group activity. He also was engaged in f ishing. Whatever 
waste he generated went back into the grassland environment. He did not accumulate a n d store m u c h 
food. He probably fell prey to the large carnivores that lived around h im. He lived in this manner for 
almost a mill ion years bringing about no change to the envii ^nment and showing little increase in 
numbers . Ecologically he was no different f rom any other biotic component of the grassland ecosystem. 
The niche that man occupies today is very different from that described above. The d e m a n d s that he 
makes on natural resources and systems are so wide a n d var ied that it is very difficult to make a brief 
precise descript ion of the niche that he occupies today. As we shall see in the succeeding chapters the 
major result of man's expand ing 'ecological niche' has led to very considerab le env i ronmenta l 
consequences. 
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C H A P T E R 4 
THE CYCLING OF MATERIALS 
The biotic part of the biosphere is made up of plants animals and microorganisms. The material in 
these living systems is descr ibed as organic matter and is built around a carbon base. Many other elements 
too are used in the structure and functioning of living systems. All the material that is used is taken up ultimately 
from the abiotic part of the biosphere. 
There is a limit to the availability of various elements on earth. Therefore, the limited amounts of 
available substances have to be reused and recycled for the continuation of life. Cycl ing takes place through 
land, air, water, and the bodies of living organisms. This cont inuous process of circulation of var ious elements 
is driven by solar energy. The cycling of critical chemicals and the one-way flow of energy through the biosphere 
is illustrated in Figure 4 . 1 . 
4.1. ELEMENTS OF LIFE 
The e lements which are essential to life are called nutrients.There are two categories of e lements that 
go into living systems. 
TABLE 4.1 - THE ELEMENTS OF LIFE 
Macronutrients Abundance as per centage of 
Symbol Name Earth's crust Human Body 
H Hydrogen 0.14 9.5 
C Carbon 0.03 18.5 
N Nitrogen - 3.3 
O Oxygen 46.6 65.0 
P Phosphorus 0.12 1.0 
Na Sodium 2.83 0.2 
Mg Magnesium 2.09 0.1 
S Sulphur 0.05 0.3 
CI Chlorine 0.03 0.2 
K Potassium 2.59 0.4 
Ca Calc ium 3.63 1.5 
Micronutrients or Trace Elements 
F Fluorine 0.03 trace (less than 
Si Silicon 27.7 0.1%) 
V Vanadium 0.02 
Cr Chromium 0.02 
Mn Manganese 0.1 
Fe Iron 5.0 
Co Cobalt -
Cu Copper 0.01 
Zn Zinc 0.01 
Se Selenium -
Mo Molybdenum -
Sn Tin -
I Iodine -
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Fig 4.1 
FIGURE 4.1 THE CYCLING OF CRITICAL CHEMICALS 
4.2. 
A. Macronutrients 
These include carbon, oxygen, hydrogen, nitrogen, phosphorus magnesium, sulphur, potassium, calcium, 
iron, sodium and chlorine. Carbon, hydrogen, and oxygen form carbohydrates and lipids. Carbohydrates 
are the main energy source of living systems. Lipids also provide energy and in addition function as 
storage materials and also form an important component of living membrane systems. Nitrogen, carbon 
hydrogen and oxygen combine to form amino acids which are the building blocks of proteins. Proteins 
form the structural elements of living matter and also function in the form of enzymes and hormones. 
Carbon, hydrogen, oxygen, nitrogen and phosphorus together form nucleotides which are the building 
blocks of the nucleic acids. The nucleic acids are responsible for controlling all life activities and also 
carry within their structure the data base of heredity. Magnesium, sulphur, potassium, calcium, iron, 
sodium and chlorine include the other elements which are needed in somewhat large quantities. From 
the above it can be seen that much of the structure and function of living system revolves around a very 
few elements of the periodic table. These are required in larger quantities (macro amounts) and hence 
referred to as macronutrients. 
b. Micronutrients or trace elements 
These are elements that are essential to life but are required in minute quantities. They may not be 
essential for all forms of life at all times of the life history. Examples are fluorine, silicon, vanadium. 
BIOGEOCHEMICAL CYCLES 
The cycling of an element through the Earth's atmosphere, oceans, sediments and biological systems 
is called a biogeochemical cycle. A biogeochemical cycle consists of reservoirs and pathways 
between these reservoirs. Material may remain in one or more reservoirs for longer or shorter periods 
of time. This time period is called the residence time. The turnover rate is a measure of quantity 
added and lost to or from a reservoir during a period of time. The rate at which materials move from 
one reservoir to another is the flow rate or flux. 
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F G U R E 4.2 - G E N E R A L I S E D B I O G E O C H E M I C A L C Y C L E 
Exchanges between various reservoirs such as soils, oceans, a tmosphere and biological systems are 
il lustrated in Figure 4.2. 
It should be noted that all e lements do not pass through all the components referred to above. Cycles 
that include a gaseous phase pass through the atmosphere e.g. carbon. Those that do not have a 
gaseous phase do not enter the atmosphere, e.g. phosphorus. Some of the principal features of the 
cycles of carbon, nitrogen and phosphorus are considered below. 
4.2.1 C a r b o n C y c l e 
Carbon is one of the major components of living matter. Carbon exists in a number of reservoirs or 
pools such as the atmosphere , fresh water, ocean water, inorganic sediments, living systems, decaying 
organic matter and fossil ised remains of plants. 
Cycl ing of carbon can take place between the non-l iving pools in various ways . It also takes place 
through living systems. The carbon content of the atmosphere is as small as 0.03%. Atmospher ic carbon 
dioxide dissolves in fresh water and in ocean water. The fresh water carries carbon dioxide into the 
ocean at some t ime or another. In the ocean carbon dioxide dissolves in the water forming a mild acid. 
Above a certain concentrat ion it combines with calcium in sea water to form calc ium carbonate, which 
deposits as sediments. There is a continuing exchange of carbon and calc ium between the sediments 
and the water above. If the level of carbon dioxide in the water falls, carbonate may dissolve releasing 
carbon dioxide. In the absence of living systems and other sources of energy, diffusion of carbon dioxide 
takes place in one direction or another until a steady state is reached between the a tmosphere and the 
ocean water. 
Carbon dioxide enters the biological system through photosynthesis. In this process carbon dioxide from 
the a tmosphere or dissolved carbon dioxide from water are combined with water in the presence of 
chlorophyl l and solar energy to form carbohydrates. The larger the number and extent of plants, the 
greater is the carbon dioxide f ixed in this manner. 
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Carbon that is bound in the plant material may pass through animals into microorganisms or pass directly 
by death and decay into microorganisms and be broken down into organic materials. 
The residence t ime of carbon within the various components of the living world is very variable. For 
example carbon that is built into the body of a bristle cone pine (the oldest plants in the world, which 
grows on the Rocky mountains of North America) remains within the body of the plant for nearly 5000 
years. With a grass, the residence time may be as short as a month, while in bacteria residence time 
may be a matter of minutes. Dense forests of past eras have become fossil ised and the carbon has 
been t ransformed into coal and petroleum remaining in this form for millions of years. Ultimately however 
the bodies of plants, animals and microorganisms return the carbon either to the soil in the case of 
terrestrial organisms or to the water in the case of fresh water and marine organisms. Fossil carbon is 
returned into circulation by the burning of fossil fuels. 
A number of species of marine phytoplankton in addition to fixing carbon dioxide into living bodies, use 
carbon dioxide to produce skeletons in the form of calc ium carbonate for e.g. coccolithophores. W h e n 
these organisms die the non-l iving skeletal material descends to the bot tom. Some species of animal 
plankton also build calcareous skeletons which similarly descend to the bottom after death. Calc ium 
carbonate may also be precipitated by other organisms (such as corals, crustaceans and molluscs) with 
calcareous skeletons and shells. In this manner large quantit ies of carbon are held in oceanic sediments 
for long periods of t ime. 
Carbon in the form of carbon dioxide is added to the atmosphere by the combust ion of fossil fuels and 
respiration of living organisms. A small per centage of carbon added is in the form of methane and 
carbon monoxide . 
F IGURE 4.3 - THE G L O B A L C A R B O N C Y C L E 
Sizes of pools are given as x105 (billions) metric tonnes, flow rates are given as 10 9 (billions) metric tonnes per year. 
The global carbon cycle is summar ized in Figure 4.3 which shows the major pools or reservoirs and 
pathways of exchange between them. Exchanges take place between the atmosphere, the fresh water, 
inorganic sediments on land and ocean. In living systems carbon, either from the atmosphere or from 
the ocean water, passes into the primary producers, then to the consumers , and finally f rom both the 
producers and consumers , into decaying organic matter. At each stage carbon dioxide is released into 
the atmosphere by respiration. Over long geological periods part of the organic matter becomes 
fossil ised forming coal and oil. 
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The largest reservoirs of carbon in the world are the inorganic sediments, fol lowed by. ocean water, 
decaying organic matter and the atmosphere. Figure 4.3 also shows est imated flow rates between pools. 
The understanding of the carbon cycle has gained importance in recent decades. As a result of human 
activity there has been a considerable increase in the amount of carbon dioxide in the atmosphere during 
the past 200 years. It is thought that this may result in warming of the globe which will have various 
consequences . The role of the ocean in regulating atmospheric carbon dioxide is not adequately 
understood. There are now major global programmes for the intensive study of this and other parts of 
the carbon cycle. Since plants form the gateway of carbon into biological systems, vegetation and 
especially forests are important factors in the cycling of carbon. Large scale deforestation worldwide 
has reduced the size of this natural reservoir of carbon dioxide. One strategy for meet ing the challenge 
is forest conservat ion coupled with rapid afforestation. 
4.2.2 Nitrogen Cycle 
Nitrogen is one of the elements that is essential for life as it enters into the composit ion of proteins. 
Nitrogen is much less reactive than hydrogen, oxygen and carbon. There are two main natural pathways 
F IGURES 4.4 - THE G L O B A L N I T R O G E N C Y C L E 
Sizes of pools are given as x10'' (billion) metric tonnes; flow rates are given as x10r' ( billion) metric tonnes per year 
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by which the formation of nitrogen compounds takes place - l ightning and nitrogen fixation by plants, the 
latter being the major path. Nitrogen is released back into the atmosphere by the activity of certain 
groups of microorganisms through a process called denitrification. Denitrif ication is the only process 
through which molecular nitrogen is released into the atmosphere. 
The major reservoirs or pools of nitrogen on Earth with estimated quantit ies is shown in Figure 4.4. 
The largest reservoir of nitrogen is the Earth's crust, fol lowed by sediments. Volcanic action releases 
nitrogen f rom the crust into the atmosphere and into the sediments. The Earth's crust also receives 
nitrogen f rom the sediments. There are pools of inorganic nitrogen in land and also in the ocean . In 
the a tmosphere gaseous nitrogen forms about 80 per cent of air by volume. But, as a pool , a tmospher ic 
nitrogen is much smaller than the other pools. Atmospheric nitrogen is replenished mainly by denitrification 
by bacteria in land and in water. Atmospheric nitrogen dissolves in ocean waters. A key point in the 
cycle is the fixation of gaseous nitrogen into inorganic compounds . The greater part of nitrogen fixation 
is carried out by various bacteria and blue greens (cyanobacteria) in land and water. 
A significant proport ion of gaseous nitrogen is fixed industrially. This accounts for about 50 per cent of 
the nitrogen fixed in the world. This is mostly applied to the land as fertilizers. Part of it is eventually 
carried to the sea in river water as river run-off. 
As in the case of carbon, nitrogen enters the living world through plants. Land plants are able to use 
inorganic nitrogen that is available in the soil. In addition there are large numbers of plants belonging 
to certain families which are able to fix atmospheric nitrogen and make it available for use by the plants. 
This is done by microorganisms which are associated with these plants. Certain species of free living 
microorganisms are also capable of fixing atmospheric nitrogen. In the ocean too certain species of 
microorganisms fix nitrogen that is dissolved in water making it available for use by ocean plants. The 
inorganic nitrogen of the ocean is also increased by nitrogen carried to the ocean in river run-off. 
The rest of the living world depends directly or indirectly on the nitrogen that is built into plant material . 
The bodies of plants and animals after they die are f ragmented by animals and decomposed by 
microorganisms. During this process nitrogen is released as ammonia which eventually gets converted 
to nitrates by the action of bacteria inhabiting the soil. Another group of bacteria known as denitrifying 
bacteria perform the all important function of releasing the nitrogen in these nitrates as gasous nitrogen 
which returns to the atmosphere. If there is no process by which compounds of nitrogen are broken 
d o w n , atmospher ic nitrogen would soon disappear. 
4.2.3 Phosphorus Cycle 
The phosphorus cycle is rather different from other cycles we have studied so far. A major difference 
is that the cycle has no gaseous phase. Another striking feature is that the cycle is very slow, and for 
much of the t ime, it proceeds in one direction. The global cycle of phosphorus is il lustrated in Figure 
4.5. 
The major source of phosphorus is the land where it exists in rocks as phosphates combined with 
ca lc ium, potassium, magnes ium and iron. These phosphates are relatively insoluble in water and the 
phosphorus is released very slowly, through the weather ing of rocks into the soil . Phosphorus enters the 
living system from the soil through plants. In stable terrestrial ecosystems much of the phosphorus taken 
up by vegetat ion and subsequently by other organisms will be returned to the soil . However, some 
phosphorus is continually being leached out of the soil and carried down waterways into the ocean.- This 
phosphorus is lost to the terrestrial ecosystems. In the oceans phosphorus supports the living systems 
but gradually descends to the deeper waters and to the sediments. The concentrat ion of phosphorus 
increases with depth of the ocean. 
The returning of phosphorus from ocean depths to land is a very slow process. One of the ways by 
which some phosphorus is returned to the land f rom the ocean is through the world f isheries. The guano 
of ocean feeding birds is another. In the long term the fossils of marine animals also return phosphorus 
to the land. Bone valley in Florida USA which is the remnant of the old sea, is now a major deposit of 
phosphorus. Geological processes uplifted the valley which now provides more than 1/3 of the entire 
wor ld product ion. Another major deposit is on the Pacific island of Nauru. The island was completely 
covered with phosphate deposits. This resource which has been exploited for many decades is now 
nearing exhaust ion. 
Phosphorus is one of the key elements of living matter. Life cannot exist in the absence of phosphorus. 
The agricultural practices of man require large inputs of phosphates in addit ion to nitrates. Because of 
this the phosphate deposits will tend to get exhausted with t ime. In our own country a major rock 
phosphate deposit is found at Eppawela. 
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F I G U R E S 4.5 - T H E G L O B A L P H O S P H O R U S C Y C L E 
Sizes of pools are given as x10" (billion) metric tonnes; flow rates are given as x10 9 ( billion ) metric tonnes per year 
4.3 OTHER GLOBAL CYCLES 
4.3.1 Hydrological Cycle 
The ocean is the largest reservoir of water on Earth. About 7/10th of the Earth surface is occupied by 
oceans. The water is spread over about 360 million sq km of ocean surface with an average depth of 
3.8 k m . About 9 7 per cent of all water lies in the ocean. Approximately 2 per cent is bound in the polar 
ice caps. If this t rapped water was to melt it would raise the ocean levels by more than 70 metres. The 
remaining 1 per cent of water, constitutes the fresh water distributed as water vapour of the atmosphere 
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as soil moisture and as surface and ground water. The continual exchange of this small proportion of 
water between land, ocean, and atmosphere, is all important for the sustenance of life and for a number 
of other processes. As the water moves through the terrestrial systems it takes with it in solution a 
number of materials some of which are available for use by living systems. The weathering of rocks, 
and the creation of land forms are brought about by processes that are associated with the hydrological 
cycle. The hydrological cycle is illustrated in Figure 4.6. 
F IGURE 4.6 - THE H Y D R O L O G I C A L CYCLE 
The hydrological cycle includes all three physical states of water - vapour, l iquid, ice/snow, and 
transformations between them - vaporisation (liquid to gas), condensat ion (gas to liquid), freezing (liquid 
to solid), and melt ing (solid to liquid). 
Solar radiation heats the surface water of ocean and other water bodies forming water vapour which rises 
in the atmosphere and condenses to form clouds. Water returns to the Earth f rom the atmosphere 
in the form of rain, snow, hail and dew. The pathways of flow in the cycle include the fol lowing: 
1. Evaporat ion from surfaces of oceans and other water bodies such as lakes and streams and 
f rom the soil. 
2. Evaporation from plants. 
3. Atmospher ic transport of water as vapour or in droplets or in crystals. 
4. Precipitation mainly manifested in rainfall but also sleet, hail snow and dew. 
5. Run off - flow of water from land back into the ocean. 
6. Seepage into the soil. 
Evaporation 
W h e n ocean and other surface water bodies get heated by the sun water evaporates. This enters the 
a tmosphere as water vapour. Most of the water that evaporates comes from the oceans; about 14 per 
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cent comes f rom lakes, streams, moist soils etc. A certain amount of water is also lost f rom vegetat ion 
through evaporation and transpiration. 
Precipitation 
The water vapour is carried in the atmospheric circulation (global, regional and local) and precipitates 
as rain snow or sleet according to predictable patterns either over land or over oceans. A large portion 
of the rain that falls on land just f lows along the surface and into the streams and rivers. This water 
together with water in the streams and rivers is referred to as surface water. Some of this water may 
be stored in lakes and reservoirs. A portion remains in the soil and becomes available to plants. A part 
of the rain that falls on the land sinks into the soil and moves or seeps downwards . This becomes 
ground water. Water will seep downwards until it reaches impervious rock layers through which it cannot 
pass. Water will then accumulate above this impervious layer and form underground reservoirs of water 
which are referred to as aquifers. The surface of the aquifer is called the water table. Some of the 
water seeps into rivers and some seep to the continents edge and enter the ocean without passing 
through the river systems. Streams and rivers transport a major part of precipitation back into the ocean. 
Rivers may be perennial, s t ream flow being maintained during the dry season by ground water seepage. 
Other streams may be seasonal and will carry water only when there is precipitation. 
Terrestrial living systems especially the plants play an important role in the hydrological cycle. Plants 
draw out moisture from superficial as well as deeper layers of soil. Within the plant the water transports 
the necessary minerals f rom the soil into the plant t issues. It performs a number of functions in the plant. 
A good part of this water eventually passes into the atmosphere as water vapour by transpiration. 
Evapotranspiration is the s u m of the water thus lost as transpiration combined with what is lost directly 
through evaporat ion. The input of water vapour by plants into the atmosphere may be quite considerable. 
For e.g. in areas with extensive forests as in the Amazon basin evapotranspirat ion has an important 
influence on the cl imate not only on the immediate surroundings but also further afield. However, in 
areas where extent of vegetation is small the influence of evapotranspirat ion on the cl imate will be 
localised. 
The hydrological cycle is driven by energy from the sun, this being quantitatively the largest single 
function of solar energy on Earth. The hydrological cycle helps to redistribute the energy of the sun that 
is received at the Earth surface. Water evaporated at one point carries with it the latent heat of 
evaporat ion. Atmospheric circulation takes the water away f rom the point of evaporat ion. W h e n the 
water vapour transforms into liquid and precipitates as rain, latent heat is released, thus redistributing 
solar energy across the Earth. 
Inspite of the fact that the major part of the planet is covered by water the amount of water that is 
available for human use is very l imited. It has to be drawn from the 1 per cent that circulates from 
ocean to a tmosphere , a tmosphere to land and fresh water and back to the ocean. This is why water 
though a renewable resource is becoming scarce. Pollution and other factors tend to aggravate this 
situation. 
4.3.2 Oxygen Cycle 
Oxygen is a highly reactive gas. The atmosphere contains about 21 per cent oxygen by volume. In the 
absence of life all oxygen would combine with other elements and thus disappear f rom the 
atmosphere. With the exception of anaerobic microorganisms (which are able to live in the absence 
of oxygen) all living organisms require molecular oxygen to carry out respiration which releases the 
energy required for their life processes. A by-product of respiration is carbon dioxide which is released 
into the atmosphere . As a result of volcanic eruptions carbon monoxide and other substances enter the 
atmosphere and combine with atmospheric oxygen. 
Green plants are the main producers of atmospheric oxygen. During photosynthesis they take in carbon 
dioxide f rom the atmosphere or from the aquatic environment and release oxygen. As a result of the 
two processes, photosynthesis and respiration, there is a constant flow, back and forth, of both oxygen 
and carbon dioxide into the plant. It is the balance between these two processes that maintains a pool 
of oxygen in the atmosphere . 
Some ecologists have expressed fears that cont inuous pollution of the oceans may significantly reduce 
the algae population. At present photosynthetic algae accounts for 70 per cent of the entire photosynthesis 
on Earth. A significant reduction of the algae population will cause progressive reduction of oxygen 
content in the atmosphere with possible severe consequences. 
This brief survey of some biogeochemical cycles will illustrate how crucial they are for the cont inued 
existence of life on earth. Without cont inuous cycling of materials life couldn't have cont inued to exist 
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for almost three and a half billion years. If the cycling of materials cannot continue uninterrupted the 
cont inuance of life into the future will be affected. In some ways man's activity has already begun to 
interfere with certain important biogeochemical cycles. 
32 
THE ROLE OF FORESTS IN NATURE 
Natural forests are complex systems where animals, plants and the physical environment are very 
closely interrelated. These inter-relationships are, as yet, little understood. Substantial changes in any one of 
these components affect the functioning of the whole system. Small changes may be accommodated by the 
system, but large changes certainly lead to its degradat ion. Therefore, natural forest ecosystems must not be 
v iewed as a mere collection of trees, whose removal will not have major consequences. 
The effects of disturbances of a forest ecosystem are felt not only within the forest itself, but also 
extend to areas much further afield. For example if a forest is destroyed on a hill top, the lower slopes and 
the valley below it are affected; soil erosion will increase; the hydrology of the area will change, f lash f loods will 
occur, and siltation will take place. Some of the major influences of forests on the environment will be dealt 
with in this chapter. 
5.1. RETENTION AND RELEASE OF WATER 
5.1.1 Catchment areas and watersheds 
In describing the hydrological cycle (chapter 4) it was stated that only 25 per cent of the water that 
evaporated f rom the oceans falls on land. The extent to which this water or its alternate forms (snow, 
ice etc.) is captured, retained or released from the land surface into waterways, streams, reservoirs and 
rivers or evaporated depends on various factors such as altitude, latitude and vegetat ion cover. While 
altitude and latitude cannot be changed by man vegetation can be changed and removed. A m o n g the 
various vegetat ion types, natural forests, in particular, are well adapted to capture, retain and release the 
precipitation falling on them. This is why it is important to retain forest cover in catchment areas and 
water sheds. Catchment is the area where the atmospheric moisture, be it rain or mist is, received. 
A watershed is an area where the water is received and temporari ly stored and gradually released into 
springs, streams and rivers. 
The multi layers of trees, (with cl imbers and epiphytes growing on tree trunks) and shrubs and ground 
cover intercept part of the rain before it falls on the ground. Once these surfaces are fully wet, water 
begins to f low down the stems and reach the soil (stem flow). The leaf litter on the ground absorbs 
water reaching it, while the surplus infiltrates the soil. When the leaf litter and soil are saturated, surface 
run off begins to carry water away from the system. Thus a substantial amount of rain water is retained 
both in litter and in the soil. The more dense the vegetat ion cover, as in rain forests, the greater the 
water retention capacity. The epiphytes including l ichen, moss and liverwort of these forests play on 
extremely important role, because they have the ability to absorb water from the mist. Forested areas 
characteristically have mist settling around them, especially during the dry seasons. Thus the epiphyte 
and mist system serves as an important source of moisture during these t imes. 
The water-retentive capacity of forests contribute to the maintenance of water f low in perennial rivers 
even during dry weather (dry weather f low). Soil physio-chemical properties too contribute to the amount 
of water retained in natural forest ecosystems, sandy soils retaining a min imum amount of water as 
compared to loamy soils. Under natural forests the latter prevails. 
In vegetat ion covers such as grasslands and monoculture tree or cash crops, the amount of rain water 
captured is not only comparat ively low but poorly retained. Poor retentive capacity leads to flash floods 
in neighbouring areas during heavy rains, and drying up of streams during dry spells. Hence, for 
catchment and water shed areas natural forest ecosystems are the best. 
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These catchment areas and water sheds through their influence on the hydrology of the country affect 
downst ream agriculture, hydropower generat ion, f loods and local cl imate. For this reason the protective 
benefits of the wet zone forest reserves of the island have been evaluated by Perera, 1972, who strongly 
indicates that nearly all the forest reserves in the wet zone, covering an est imated area of 135,321 ha, 
(334,953 acres)should be protected and their conversion to other forms of land use prohibited. 
5.1.2 Stream flow, flash floods and siltation 
Natural forests play an important role in the water balance. In Sri Lanka perennial rivers originate f rom 
natural forests. Therefore to ensure a cont inuous water supply in these rivers particularly during the dry 
weather, it is essential that a natural forest cover be maintained at least around the sources of these 
rivers. 
Flash f loods in the lower reaches of rivers during heavy rains are partly due to deforestat ion. Removal 
of natural vegetat ion al lows rain to fall directly upon the soil and then run off directly into the rivers 
resulting in these flash f loods. 
A good vegetat ion cover also prevents the direct impact of rain drops on the soil. In the absence of cover 
soil particles are displaced and carried away by water f lowing on the surface (surface run-off) into 
streams and reservoirs. Soil accumulates in this manner in streams, lakes and reservoir beds. This 
process is cal led siltation. Siltation results in reducing gradually the water storage capacity and useful 
life of the reservoirs. 
5.1.3. Downstream Aquatic Systems 
A good natural forest cover in the wet zone of Sri Lanka will ensure cont inuous stream flow throughout 
the year. A m o n g other benefits this helps to maintain the water balance of downst ream aquatic systems 
such as lakes and estuaries. A significant drop in the water available upstream may lead to drying up 
of certain parts of these aquatic systems. These adverse effects on the water balance of down stream 
lakes may influence urban and agricultural activities in these areas. 
5.1.4. Local Convectional Rains 
The air above natural forests are normally laden with moisture due to evaporat ion f rom this ecosystem. 
Natural forests impart a certain degree of humidity to the atmosphere and without them air masses over 
the ground surface would be relatively dry. It is this phenomenon of moisture laden convect ional currents 
which brings about local precipitation during intermonsoonal periods, and maintains a favourable water 
balance in the wet zone of the country which otherwise may be subject to dry spells during those periods. 
These intermonsoonal rains occur regularly at Sinharaja where substantial land is still under forest, 
whereas in some parts of the districts of Gampaha, Kalutara and Colombo their f requency is much less. 
5.2 PROTECTION OF SOIL 
Natural forest cover performs the important functions of protecting the underlying soil f rom the detrimental 
effects of wind, water and sun. Any form of disturbance to the natural forest ecosystem by indiscriminate 
felling has detr imental effects on the physico-chemical properties of the soil and its biological processes. 
Changes in the physical properties of the soil affect its water holding capacity and aerat ion. Exposure 
of the soil to solar radiation increases soil temperature and evaporation of soil water. Increase in soil 
temperature accelerates decomposit ion of organic material so reducing the humus content. Population 
of soil organisms are also affected. 
Forest cover protects the underlying soil f rom the direct impact of rain while increasing infiltration of the 
soil and reducing the surface flow. All three of these factors help in reducing soil erosion. This is 
descr ibed further in Chapter 17. 
5.3 NATURAL FORESTS AND THE AIR AROUND 
The quality of the air surrounding the earth is one of the factors which determine the type of living 
organisms that it could support. Humidity and temperature of the air are of particular importance to 
living organisms. Vegetational cover exerts a local influence on humidity and temperature. 
If there is a good vegetat ion cover, the soil is protected and not subject to excessive heating and this 
in turn prevents an increase in the air temperature. This explains why the environment in and around 
natural forests, parks and gardens is cool and humid while that in deforested areas are hot and dry. 
5.4 Natural Buffers in Disease Outbreaks 
Maintaining a well distributed net work of natural forests in agricultural development areas is desirable 
for the fol lowing reasons: 
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Natural forests provide habitats for a large number of different animal groups. Some of these act as 
parasites or predators of potentially harmful organisms which could damage agricultural crops. Others 
function as poll inators in respect of various agricultural crops. 
Natural forests can also act as barriers to the spread of disease so that a disease which breaks out at 
one site may be contained within it if surrounded by natural forests. 
Some of the forest species could act as alternate hosts or traps for potentially damaging agricultural 
pests. Natural forests form models on which agroforestry systems should be based. 
Forest is the natural habitat of a large number of species of plants and animals. Their greatest density 
is seen in tropical rain forest. In certain forest areas endemic species (species not found else where 
on earth) are found. Destruction of such forests leads to permanent loss of such species f rom earth. 
Therefore forests play a major role in maintaining the biological heritage of the earth. 
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SECTION IT 
N A T U R A L R E S O U R C E S 
L iving organ?.SINS, including man, require a, range of materials which are essential to support their life and existence, These materials are all derived from die natural surroundings. 7hey cue re/erred to as 
natural resources. Ormnisms other than man use resources in a 
finely controlled balanced manner. On die other hand, modern man uses 
resources not only for the viain/eriance of life hut also for a wide variety of 
other activities not directly concerned, with, life support. 
In the Chapters thai follow we will he looking at the entire resource base for 
life on earth and especially at the specific resources dial mankind requires. An 
uncle)standing of the resource base is essential in order dial. Iiuman society 
can begin to make the necessary adjustments in resource use essential for our 
continued survival. 
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LIVING RESOURCES OF THE WORLD 
All naturally occurring materials, forms of energy and organisms (that are used by man and other 
organisms) are considered as natural resources. Air, water, land, solar energy, flora, fauna and minerals are 
all considered as natural resources. 
Natural resources belong to two categories: living resources and non-living resources. Living 
resources replace themselves naturally and even under exploitation renew themselves up to a point. If the rate 
of exploitation does not exceed the rate of renewal, then the resource is considered a renewable resource. 
However, if the rate of exploitation exceeds the rate of renewal, even a potentially renewable resource becomes 
non renewable. 
Non-l iving resources may be categorized into three groups. Some resources like solar energy are 
perpetual some others like fresh water and fresh air are renewable. The third category is finite in quantity, and 
once used they cannot be formed again during a t ime frame that is meaningful to man. These are referred to 
as non renewable resources. Examples of non-renewable resources include fossil fuels a n d minerals. The 
broad classification of natural resources is given in Table 6.1. 
Natural Resources 
Living Non-l iving 
Renewable Non-renewable 
Animals Plants Animals Plants 
Perpetual Renewable Non-Renewable 
Solar 
energy 
Wind , 
Tide, 
Flowing 
Water 
Fresh Soil Fresh Fossil Metallic Non-
air water fuel minerals metallic 
minerals 
TABLE 6.1 - CLASSIFICATION OF THE NATURAL RESOURCES OF THE WORLD 
W e m a y illustrate here a renewable resource that may be t ransformed into a non-renewable one by 
referring to two examples, one from a m o n g animals and another from a m o n g plants. Fish is a major natural 
resource for human beings. Over f ishing which do not allow sufficient young and mature fish to remain behind 
for renewal form the basis for renewal leads to a decline in numbers of fish and of their sizes and finally to the 
destruction of the resource itself. The resource then cannot be renewed within a reasonable per iod. 
Similarly, in the harvesting of t imber from natural forests, removal of too many large trees f rom a given 
area would lead to changes in the habitat condit ions resulting in the poor growth of the desired species, and 
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eventually a shortfall in timber. Persistent exploitation without proper management practices can in this instance 
too, convert a potentially renewable resource into one that is non-renewable. 
The natural living resources of the world consist of two broad categories - terrestrial resources and 
aquatic resources. 
6.1 TERRESTRIAL RESOURCES 
The natural living terrestrial resources. All the terrestrial ecosystems in the world contain natural living 
terrestrial resources. The major terrestrial ecosystems are forests, grasslands and deserts. Wet lands 
which are intermediate between land and water will also be considered in this sect ion. The extent of 
these terrestrial resources is shown in Table 6.2. 
Ecosystems of the World 
Forests 
Tropical rain forests 
Tropical seasonal forests 
Temperate forests 
Boreal forests 
Wood land and shrublands 
Grasslands (Dry Lands) 
Savannah 
Temperate grasslands 
Tundra and Alpine vegetat ion 
Deserts and semi deserts 
Extreme deserts 
Wet lands 
S w a m p s , marshes and coastal lands 
Bogs and peatland 
Lakes and streams 
TABLE 6.2 - THE EXTENT OF MAJOR TERRESTRIAL ECOSYSTEMS IN THE WORLD 
Source: Wor ld resources 19. After Olson Watts and Allison (1983) 
6.1.1 Forests 
Based on the climatic regions of the world and the type of trees that grow in each region, the earth's 
forests can be placed in three main categories. They are: 
(i) The boreal or cold temperate coniferous forests or taiga of the northern latitudes. They extend 
f rom Alaska through Europe to Siberia. To this group also belong the coniferous forests of the 
major mountains, eg. Himalayas and Rocky mountains. 
(ii) The temperate forests in the intermediate latitudes. These comprise three different types of 
forests. 
(a) Deciduous broad leaved and mixed broad leaved - conifer forests, border ing the taiga. 
They are found in the eastern part of North America, Western and Central Europe 
extending eastwards to the Ural mountains, and Eastern Asia. 
(b) Evergreen warm temperate broad- leaved hardwood forests. 
They are found in areas of less severe winter and southwards of the forest type given 
in ii (a) above. 
(c) Evergreen hardwood forests. 
These forests are found in the mediterranean cl imates where the summers are hot and 
dry and the winters cool and wet. They are found from Portugal to Iraq, Cape Province 
of Southern Africa where these forests are called fynbos, Central Chile, California in 
south western United States where they are called chaparral, South America, and South 
and South West Australia. Most of these forests have been degraded to hardwood bush 
due to human activities. 
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FIGURE 6.1 - D ISTRIBUTION OF THE MAJOR F O R E S T T Y P E S O F THE W O R L D 
B E F O R E MAN'S INFLUENCE 
(iii) The forests of the tropical zones with relatively high biodiversity. 
They are the rain forests or wet evergreen forests, monsoon and dry deciduous forests. 
(a) The tropical evergreen moist forests occur between the latitudes of 10° N and 10° S 
of the equator. They are in the A m a z o n - Or inoco basin, the C o n g o basin a n d countries 
along the Gulf of Guinea, the Indomalayan Archipelago ( including southwest Sri Lanka) 
and a narrow strip along the eastern coast of Australia. These areas have over 200 cm 
rain per year without any dry spell i.e. clearly demarcated seasons. The vegetat ion is 
evergreen through the year. 
The highest biodiversity is found in tropical rain forests. More than half the plant and 
animal species in the world are found in these forests. 
(b) Tropical deciduous moist forests or monsoon forests. They are found adjoining the 
equatorial rain forests of the Congo Basin and Amazonia , in Asia and in patches along 
the northern and eastern coasts of Australia. These areas have about 100-200 cm rain 
per year, which is seasonal . The rest of the year is without rain. Consequent ly the plants 
are subject to water stress, during the dry season and some shed their leaves. 
(c) Tropical dry forests. They are adjacent to the moist deciduous forests on both sides of 
the equator. 
Moving away from the dry forests are the savannahs, grasslands and semi deserts. The 
distribution of the above forest types before man's influence and present day distribution 
are given in Figures 6.1 and 6.2. 
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FIGURE 6.2 - D ISTRIBUTION OF THE MAJOR FOREST T Y P E S OF THE W O R L D 
- PRESENT DAY DISTRIBUTION 
The forests of the world cover 2 9 % of land and are major resources which contribute in many ways to 
the requirements of h u m a n beings, of other organisms and also to the nature and quality of the global 
environment . Forests are great reservoirs of biodiversity. Millions of species of animals and hundreds 
of thousands of species of plants and innumerable species of microorganisms are found within the 
conf ines of forests. This immense reservoir of genetic material has evolved through three and half billion 
years. Any part that is destroyed is lost for ever. The greatest amount of biodiversity of plants and of 
animals is found in the tropical rain forest systems descr ibed above. 
Forests have provided human beings with a number of materials over the entire period of human history. 
To begin with forest twigs were used as fuel, and branches to construct shelters. Fruits, tubers, and 
leaves provided food, medicine, and cattle feed. The animals within forest systems were important in the 
past as major sources of food. 
With the advance of civilization forests provided timber, for the building of shelters and also for many of 
the materials that support modern society. In today's world a major draw on forest resources is the 
print ing industry, where w o o d pulp is used for the production of paper required for publication of 
newspapers and of books. 
6.1.2. Grasslands 
The different grasslands in the world can be classified as savannahs, temperate and tropical grasslands, 
tundra a n d alpine vegetat ion. All these ecosystems have their o w n complement of plant and animal 
species. If these lands are used for some other purpose it will certainly lead to the loss of habitats for 
the species they support and eventually to their extinction. 
The main grasslands in the world are the Steppes of Eurasia, the Prairies of North Amer ica, the 
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Pampas of Argent ina and the Veld of South Africa. It should be understood that each of these names 
is derived f rom the local languages and apply to similar systems. The rainfall range in these areas is 
between 250 and 750 m m per year. They experience cool to cold winters and hot, dry summers . Man 
is bel ieved to have evolved mainly in association with grassland ecosystems. The main natural resource 
on which he depended was the grasslands. As a herdsman in the early stages of human history, he 
migrated f rom place to place in search of new pastures to support his herds and through them himself. 
Even today in many parts of the world especially in Africa and Central Asia there are people who depend 
directly on natural grassland systems to support their herds. 
Natural grasslands, like forests are also reservoirs of biodiversity and of the genetic heritage of the earth. 
Both forests and grasslands have indirect effects on other natural resources. Both systems form major 
components of the great cycles of nature. Through these water passes f rom the soil into the atmosphere . 
Huge amounts of water vapour enter the atmosphere from the extensive tropical rain forests. This input 
influences global and regional cl imate. Similarly plants of the forests and grasslands recycle other 
materials including carbon dioxide and oxygen. Carbon built into plant bodies, in past ages, has become 
a major non-renewable fuel resource, which we will refer to in the next chapter. 
6.1.3. Deserts 
The deserts of the world are broadly divided into two groups, the cold deserts represented by the Gobi 
desert of Asia and the hot deserts like the Mojave in United States, the Sahara and the Kalahari in Africa. 
The rainfall in these deserts is less than 25 cm per year. The vegetat ion is dominated by annuals. 
Thorny scrub with reduced leaves and much water-storage tissue are characteristic forms. 
6.2 WETLANDS 
Wetlands are found in all parts of the world. In the tropics prominent wet lands are found in Africa, Asia 
(most converted to other land use types) and south central Brazil in the Pantanal f lood plain which 
represents the worlds largest expanse of tropical wet lands (about 14,000 sq. km). Very extensive 
wet lands are also found in Bangladesh - The Sunderbaans. 
Inland wet lands include shallow lakes and reservoirs. These ecosystems have their own complement of 
plant and animal life. Coastal and near-shore marine habitats - the mangroves, sea grass beds and 
coral reefs are also part of the wet land system. 
Wet lands are special habitats, many of them standing at the interface between fully aquatic habitats like 
the ocean and major lakes and the land. They are very fragile and easily destroyed. Their location is 
such that development activities often lead to their modification and destruct ion. 
Mangroves, seen in estuaries and coastal lagoons, form an interface between the sea and the inland 
fresh water river systems. They are confined to the tropics and found in Asia, Africa, America and 
Australia. 
Mangroves are resources that have been heavily exploited. They serve as nursery grounds of many 
important fish and shell fish species. In this manner they are important to the success and stability of 
coastal f isheries in many parts of the world. They also help in stabilizing coastal areas trapping 
sediments brought down by rivers. Mangrove systems support their own complex of fauna and flora and 
are themselves reservoirs of biodiversity. 
Sea grass beds, these comprise salt tolerant angiosperms which grow submerged in shallow coastal 
areas like mangrove systems form important natural resources from the point of view of- aquatic 
communi t ies that use them for shelter, for food, and as nursery grounds. 
Coral reefs especially those that form fringes close to the shoreline might also be considered as part 
of wet land systems. It is generally agreed that coral reef communi t ies form some of the most productive 
systems of the earth. There is immense biodiversity within these systems second only to tropical rain 
forests. They also form shelter, feeding grounds and nursery areas for many types of marine organisms. 
By forming natural barriers to wave action that would otherwise affect adjacent coastl ines, they reduce 
coastal erosion. They are threatened by pollution, sedimentat ion and by activities such as dynamit ing 
for f ish, extraction for lime and for other commercia l purposes. 
Major wet lands occur also within terrestrial systems. Extensive marshlands such as our own villu 
systems are important natural resources. A special and complex combinat ion of animal and plant 
species are supported by these marshlands. Large numbers of birds are permanent ly associated with 
these while they also form resting and feeding areas for migrant species. 
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6.3 AQUATIC RESOURCES 
The ocean covers nearly 73 per cent of the Earth,s surface with an average depth of about 3800 metres. 
At its deepest points the ocean floor descends to over 11000 metres. No part of this huge expanse 
of water is devoid of life. The ocean is therefore a huge natural resource. From the human point of 
v iew the shal low parts of the ocean lying over the continental shelves of the earth and over shallow 
banks such as the Grand Banks of the North Atlantic are the most productive areas in terms of fisheries. 
The great f isheries of the world are located in areas such as these. The Anchovy fishery off the coast 
of Chile and Peru which is the largest in the world. Fisheries are a major source of food and are 
particularly important as a source of protein. Approximately ninety per cent of the fishery harvest is 
provided by ten per cent of the ocean. 
Fisheries are not l imited to coastal waters. Deep water f isheries also contribute considerably to marine 
fish product ion. This include fisheries for tuna, in all the major oceans. Besides fish the ocean 
environment also supports mammals such as whales, dolphins, seals and walruses. Whal ing was a 
major industry in the past. The Japanese, value whale meat as food and many peoples of Pacific have 
a tradition of hunting of whales. Because of the depletion of important whale populat ions, whal ing is now 
tightly control led by International Convent ions. Peoples of the Arctic have depended throughout their 
history on the seal for many of their requirements such as the meat for food, blubber for l ighting, fur 
for c lothes, and bones for var ious implements. 
The plant communi t ies of the ocean include huge phytoplankton communit ies floating near the surface 
and the algal (sea weeds) communit ies that lie in shallow coastal waters. The largest amount of primary 
product ion on earth takes place in the ocean. This primary production is the base of nutrition of all 
organisms that live in the ocean. Some sea weeds are used directly as food (especially by Japanese) . 
Sea weeds are also used for the production of a number of useful substances like agar, alginic acid and 
medicinal extracts. 
Coastal systems such as estuaries and lagoons are important sources of living aquatic resources. In 
these areas product ion is high because they contain high concentrat ions of nutritive materials derived 
f rom land drainage. Rivers and lakes are also sources of living aquatic resources. Rivers, are not highly 
productive because the water is in motion. Lakes that are shallow are more productive than deep lakes, 
the latter being largely deficient in nutritive materials. 
44 
C H A P T E R 7 
NON-LIVING RESOURCES OF THE WORLD 
The categories of non-l iving resources have already been descr ibed at the beginning of Chapter 06. 
These are perpetual resources, renewable resources and non-renewable resources. 
7.1 RENEWABLE AND PERPETUAL RESOURCES 
7.1.1 Solar Energy 
Solar radiation reaches the Earth continuously from the sun. This energy has been available to the 
Earth's system from the time the solar system was formed and will continue to be available until the sun 
grows old. We have already ment ioned the spectrum of radiation released by the sun and the relevance 
of this radiation to life processes. Solar energy drives the major living and non-l iving systems on Earth. 
It is built into the bodies of plants as carbohydrates, which then serve as the energy source for most other 
organisms. 
Man has used solar energy throughout his history for every day activities like drying food stuffs for which 
he has used the direct heat of the sun and for production of salt f rom pools of salt water. By using 
, f i rewood for cooking he has used solar energy fixed in the w o o d . Uses such as the above continue, 
extensively, to the present day. 
In recent decades, new technologies have developed whereby solar energy can be directly harnessed 
for human use. Solar power systems of various types have been developed. These are able to convert 
solar energy f rom the sun into electrical energy. Such systems are now in use in satellites and space 
probes. In the condit ions that prevail outside the Earth's atmosphere, these converters work efficiently 
and over long periods of t ime. In various parts of the world usable electrical energy is produced wit the 
help of solar collectors which use large numbers of solar cells. Unfortunately, at the present t ime, the 
solar cell is expensive to produce and to maintain. Therefore on the basis of costs, solar power is not 
competit ive with other currently used forms of power generat ion. However, advances in technology are 
likely to make these solar power systems more economic in the course of t ime. It is well known that 
the world resources of fossil fuels will be used up in the next century or two depending on the rate of 
usage. It is possible that before then the generat ion of electricity from solar power would have become 
an economic reality. In such event, mankind will have an inexhaustible source of energy, which also will 
not damage the environment in any way. This will be discussed further in Chapter 09. 
7.1.2 Wind Energy 
Wind is a potential source of energy. The concept of using wind energy is not a new one. Wind power 
has been used by sailing boats and ships for thousands of years. Wind mills for pumping water and 
grinding corn came into use in more recent t imes. In Holland wind mills were used extensively for many 
years and became a characteristic part of the Dutch landscape 
Until recently the potential for harnessing wind power for generat ing electricity was not taken seriously 
as generat ing electricity by using coal and oil was cheaper. With increasing prices and decreasing 
resources of fossil fuels, there is now, a much more research being done on wind energy. New 
technologies that are being developed include new designs of propellers and of power storage mechanisms. 
Progress in recent years has been impressive and the cost of electricity generat ion f rom wind energy 
is now approaching that of generation using fossil fuel. According to some est imates it is thought 
possible that, by the year 2000, a significant part of energy generated in the US will be based on wind 
power. 
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Wind systems are huge reservoirs of energy that can be tapped perpetually without disturbing the 
systems themselves and with no damage to the environment. In a world that requires to reduce carbon 
emissions and yet requires increasing amounts of energy to fuel their economies, wind power is part of 
the answer for the immediate future. 
7.1.3. Tidal Energy 
Tides are generated at the fringes of the oceans of the Earth as a result of the effect of gravitational pull 
of the sun and moon on the Earth. Tides follow certain patterns which are predictable and there are 
many locations in various parts of the world where powerful tidal currents exist. Technologies for power 
generat ion using tidal currents have been developed. However, there aren't many of these in operation 
at the present t ime. However, the potential for future development remains. 
7.1.4. Atmosphere 
The a tmosphere is a major non-l iving resource. Organisms use it in many ways and it forms part of the 
environment. It is a source of oxygen for respiration and of carbon dioxide for photosynthesis. It 
maintains the temperature around organisms at a favourable level. 
The evolution of the atmosphere is given in Box III. The composit ion of the atmosphere and how these 
components are used by organisms is summar ized below: 
(i) 79 per cent of the atmosphere is nitrogen which is an inert gas. Though nitrogen is an essential 
e lement for life, the vast majority of organisms cannot use atmospheric nitrogen directly. It can 
be taken up by plants only after it is converted to water soluble compounds such as nitrates and 
a m m o n i u m salts. 
(ii) About 20 per cent of the atmosphere is oxygen, which is a highly reactive gas. It is essential 
to all organisms, except to some bacteria which can live without it i.e. anaerobical ly. It is 
essential for the respiration, the process in which part of the energy stored in carbohydrates, is 
released for biological life processes. While on the one hand oxygen is removed from the 
a tmosphere by respiration, green plants continuously release oxygen back into the atmosphere 
dur ing photosynthesis . Hence, the atmosphere does not get depleted of its oxygen . 
(iii) 0.03 per cent of the a tmosphere is carbon dioxide, a gas essential for the process of 
photosynthesis . Photosynthesis takes place only in green plants, which by this process, are able 
to use carbon dioxide from the atmosphere to build organic materials. 
(iv) About 0.07 per cent of the atmosphere is made up of the gases neon, argon, hel ium, crypton 
and xenon. They are cal led inert gases as they undergo no chemical reactions. They do not 
form any resource for life. 
BOX 3 
EVOLUTION O F T H E A T M O S P H E R E 
The atmosphere of the earth has not a lways had its present composi t ion. The 
present a tmosphere has evolved gradually during earth history and many changes 
have been brought about by the appearance and evolution of life itself. 
The atmosphere of the early earth is referred to as a 'reducing atmosphere ' . It 
consisted of ammonia , methane, carbon dioxide and perhaps traces of other gases. 
There was no free oxygen or free nitrogen in the atmosphere. About three and a half 
billion years ago, the process of photosynthesis first began among blue green algae. 
Oxygen is released as a by-product of this process. Some oxygen is then used by 
the plants themselves in respiration. However, some oxygen reamined free and 
accumula ted gradually in the atmosphere. 
Oxygen interacts with solar energy producing ozone. It is bel ieved, that when 
the level of oxygen reached about 1 per cent of the present level, sufficient ozone was 
produced , and the atmospheric oxygen to form an adequate barrier to ultra violet 
radiation. This is bel ieved to have enabled larger populat ions of phytoplankton to 
survive and multiply. In turn, the amount of oxygen released into the atmosphere 
began to increase rapidly. Present oxygen levels are estimated to have been achieved 
around 50 million years ago. The appearance of free nitrogen in the atmosphere has 
also been due to living systems becoming part of the nitrogen cycle. 
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The temperature of the atmosphere varies from place to place near the earth surface. Temperature and 
composit ion also varies with increasing altitude. With increasing height above sea level there is a decrease in 
the density of the a tmosphere . Organisms adapted to live at low elevation cannot survive at high elevations 
because of low concentrat ion of oxygen which accompany low densit ies. Mountaineers must carry their own 
supply of oxygen while cl imbing high mountains. The pressure exerted by atmosphere , referred to as 
atmospheric pressure also decreases with increases in altitude and decreasing density. 
The upper layer of a tmosphere , called the stratosphere is a vital protective envelope encircl ing the Earth. It 
includes an ozone layer (Figure 3.2) formed by the effect of solar radiation on oxygen.This ozone layer absorbs 
the harmful ultraviolet radiation from the sun and prevent much of it falling on the earths surface.Al though the 
atmosphere is a renewable resource, it can be easily degraded by various types of pollution. Details of air 
pollution have been dealt with in chapter 20. 
Temperature and pressure differences create air currents and winds. As a result the air is in constant mot ion. 
At the air-sea interface, interchanges take place. Gases entering the sea and the water vapour entering the 
atmosphere . The atmosphere is a vital part of the hydrological cycle and is a determinant of cl imate. 
7.1.5. Water 
Water in liquid form is found on land in the oceans and in the lower a tmosphere as droplets. Water 
on land contains little dissolved minerals and is referred to as fresh water. Water in the ocean has 
dissolved salts and is described as salt water or saline water. There are inland seas, which at one time 
were connected to the ocean and therefore have saline water. 
7.1.5.1. Fresh water 
Water is essential for life. Without fresh water life on land would not exist. Approximately 97 per cent 
of the water in the biosphere is contained in the oceans and is saline. It is only the balance that is fresh 
water. A very large proportion of this cannot be utilized by living organisms as three fourth of it is locked 
up as ice caps and glaciers and much of the rest is inaccessible being trapped deep down as ground 
water. Consequent ly , it is only a very small fraction of the fresh water that is available for organisms. 
This has been already referred to in chapter 4 under the hydrological cycle. 
The availability of fresh water depends on the rainfall and precipitation patterns in different areas. The 
amount of precipitation received in an area is one of the contributory factors which decide the type of 
vegetat ion that the area will support. High rainfall areas support forests. Medium rainfall areas support 
grasslands, and where water is severely limiting deserts prevail. Even within a given area the availability 
of freshwater may vary seasonally, some months receiving more rainfall than others. 
Man has assumed that fresh water is an inexhaustible resource and has, therefore, by taking it for 
granted, neglected to protect it. The resource is inexhaustible only if the systems that cycle it remain 
undisturbed. A major factor is the moisture retentive capacity of the soil which makes fresh water 
available for terrestrial life. This depends on the presence of vegetat ion cover such as forests or 
grasslands. Water that is directly available for human and animal use accumulates at the surface 
in lakes, ponds and rivers and beneath the surface as ground water. H u m a n activity, especially, 
industrial activity, and now increasingly intensified agricultural activity are polluting the waters to such a 
degree as to interfere with nature's capacity of providing fresh water. Today in many parts of the Earth 
people do not have easy access to fresh water for everyday use. 
7.1.5.2. Oceans 
The oceans cover over 73 per cent of the Earth. They contribute to the functioning of the hydrological 
cycle and influence atmospheric condit ions. The oceans have the ability to absorb, store and give up 
heat; thereby they govern the climate and weather in the world. However, these heat exchanges are 
not accompanied by wide variations in water temperature. On land, in certain places difference between 
day and night temperatures can be quite high while the fluctuation in the oceans is much less. 
The oceans also play a vital role in maintaining the oxygen supply of the Earth's a tmosphere . Numerous 
phytoplankton or tiny algae in the surface waters release oxygen to the atmosphere during photosynthesis. 
Similarly they absorb and fix carbon dioxide acting as carbon sinks thus helping to alleviate the adverse 
effects of the bui ld-up of carbon dioxide in the atmosphere. 
The oceans affect cl imate by their ability to transport heat. One example is the circulation of surface 
water on the North Atlantic. Water heated by the sun near the equator is t ransported northwards. Some 
of the water is carried eastward across the Atlantic in a major current called the Gulf Stream. This water 
returning to the tropics along the east Atlantic coast having become colder after giving up much of its 
heat. The Gulf stream is responsible for the relatively warmer climate that prevails in the eastern coast 
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of North Amer ica as compared to the western coast of Europe. 
The oceans provide energy, minerals and medicines. They also support a large variety of organisms. 
Disturbance to any part of the complex marine ecosystem would have far reaching effects. 
7.1.6 Land 
The total area of the world's land resources is around 13.4 billion hectares of arable land, around 3 billion 
hectares of meadows and pasture land, around 4 billion hectares of forest land and around 5 billion 
hectares of other lands. 
According to FAO statistics 200 million hectares of land can be considered potentially suitable for 
agricultural product ion. Land resources per capita differ considerably between countries ranging from 
0.35 hectares in Japan to 116.95 hectares in Mongolia. In Sri Lanka it is 0.38. 
The part of the land that is crucial for natural and man-made biotic systems is the soil . This is treated 
as a renewable resource. 
7.1.7. Soil 
Soil forms the interface between Earth's rocks and the atmosphere. It provides the medium or substrate 
for plant growth. Without soil, terrestrial ecosystems would not exist. Unlike the ocean and atmosphere 
which cover vast expanses of the biosphere, soil only forms a relatively thin mantle over the Earth. Yet 
man must depend heavily on it for production of his food. 
In addit ion to the mineral components soil contains air, water and a large variety of soil organisms such 
as rodents, ear thworms, nematodes, larval forms of insects, fungi, bacteria and algae. Soil also includes 
organic matter in various stages of decomposit ion derived from animal and plant material. Breakdown 
of this material releases some of the essential nutrients for recycling as described in the Chapter on 
Biogeochemical Cycles. 
Good fertile soils have contr ibuted to the rise of powerful and flourishing civilisations in the ancient t imes. 
These early civil isations were near the river systems such as the Nile, Tigris, Euphrates, Indus, Yangtze 
and Hwang Ho. The rivers enriched the soil by frequent f looding enabling those civilizations to thrive. In 
the course of t ime these civilizations decl ined and a contributory cause for decline was misuse of land 
and soil . 
Soil format ion is a cont inuous process and soil can be considered as a renewable resource. However, 
man's actions have made it very fragile and highly susceptible to damage and misuse. As it takes 
hundreds to thousands of years to develop few centimetres of fertile soil, soil is rapidly becoming a 
non-renewable resource. 
7.2. NON-RENEWABLE RESOURCES 
7.2.1. Fossil Fue ls 
During the Carboniferous Age of Earth's history large areas of the Earth were covered in tropical forests. 
In course of t ime the forests were buried in sediments and trees became fossil ised. The carbohydrates 
built into their substance by photosynthesis developed into what we now call fossil fuels. These include 
extensive deposits of coal, petroleum and natural gas. 
Petroleum deposits are very unevenly distributed in the world. 95 per cent of the world reserves are 
found in only 20 countries. The distribution of fossil fuel reserves in the world is given in T a b l e 1.1 
During the 20th century there has been a rapid acceleration in the rate of use of all fossil fuels. At the 
present rate of use, with no other new sources of energy added, available reserves of oil are likely to 
be exhausted in the course of the next century. Reserves of coal may last a few hundred years more. 
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Oil billion Natural gas Coal billion 
Country metric tons trillion metric tons 
(% ot total) cubic metres (% of total) 
(% of total) 
North America 5.6 (6.0) 8.4 (8.6) 262.9 (27.6) 
Western Europe 3.4 (3.7) 6.1 (6.5) 99.3 (10.4) 
Austral ia & 
New Zealand 0.2 (0.2) 0.7 (0.7) 67.2 (7.0) 
Japan 0 (0 ) 0 (0 ) 1.0 (0.1) 
USSR 8.3 (8.6) 42.5 (43.2) 241.0 (25.2) 
Middle East 54.0 (56.3) 24.2 (24.6) 0 ( 0 ) 
Other Centrally 
Planned Economies 0.3 (0.3) 0.5 (0.5) 101.9 (10.7) 
Other Developing 
Countr ies 21.6 (22.3) 14.8 (15.0) 82.2 (8.6) 
China 2.4 (2.6) 0.8 (0.9) 99.0 (10.4) 
World Total 1985 95.8 (100) 98.0 (100) 954.5 (100) 
TABLE 7 . 1 - DISTRIBUTION OF ENERGY RESERVES IN THE WORLD 
7 . 2 . 2 Mineral Resources 
Minerals are very important to life. There are minerals in the food we eat, water we drink, and the things 
we use. Mineral resources are elements, chemical compounds, minerals or rocks found in sufficient 
concentrat ions to be extracted economical ly. The concept of what a mineral resource is may be well 
il lustrated by the case of silver. 
The crust of the earth to a depth of about 1 km is estimated to contain about two million metric tons of 
silver. However this is widely spread and it exists in concentrat ions too low to be extracted economical ly. 
The actual amount that is within our reach is about 200,000 metric tons. This can last for about 20 years 
at current use levels. 
There are different categories of mineral resources. Most abundant metals include iron, a luminium, 
chromium, manganese, t i tanium, and magnes ium. On the other hand metals like copper, lead, zinc, t in, 
gold, silver, p lat inum, uranium, mercury and molybdenum are rare. 
Mineral resources such as c o m m o n salt or sodium chloride are essential for life. Both animals and 
primitive peoples had to go in search of salt deposits to maintain themselves. 
The distribution of mineral resources on the Earth's surface has been determined by the process of Earth 
history. The major categories of mineral resources in the world show a very uneven distribution. The 
big countries such as the former Soviet Union, China, USA and Brazil have abundant supplies of many 
minerals. Per centage distribution of some metals are given below. 
Minerals Europe Asia Africa North 
America 
South 
America 
Australia 
& Oceania 
Uranium 6.4 0.7 32.2 37.8 0.9 12.0 
Iron ore 19.0 15.9 9.3 23.1 21.2 11.5 
Bauxites 3.0 4.1 40.2 12.2 9.3 31.2 
Copper 2.4 7.2 20.4 39.6 27.0 3.4 
Lead 17.0 5.6 6.0 50.2 7.1 14.1 
Zinc 17.0 8.1 4.5 52.8 8.1 9.5 
Nickel 2.7 14.7 2.6 21.5 3.1 55.4 
Tin 5.2 51.9 10.9 1.4 24.9 5.7 
Potash salt 23.6 18.2 -- 58.2 -- — 
Phosphori tes - 2.7 33.2 50.2 7.8 6.1 
TABLE 7 . 2 - RESERVES OF MAJOR USEFUL MINERALS IN CONTINENTS AS A PER CENTAGE 
OF THE TOTAL WORLD RESERVES 
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Europe has 19 per cent ot the world resources of iron ore and 17 per cent of zinc. Asia has 16 per cent 
of iron ore and 52 per cent of t in. Africa possess 32 per cent of uranium, 40 per cent of bauxite, 20 
per cent of copper and 33 per cent of phosphorite. America has 47 per cent of uranium, 23 per cent 
of iron ore, 39 per cent of copper, 50 per cent of lead and 52 per cent of zinc. Table 7.2 shows reserves 
of major useful resources of continents and Table 7.3 gives the world production of major minerals. 
ORES AND CONCENTRATES 
WORLD PRODUCTION 
IN METRIC TONS 
Bauxite 57,000,000 
Chromite 5,900,000 
Copper 5,900,000 
Iron Ore 750,000,000 
Lead 3,400,000 
Manganese 18,000,000 
Mercury 9,800 
Molybdenum 74,000 
Nickel 620,000 
llmenite 3,600,000 
Rutile 420,000 
Tungsten Concentrate 34,000 
Zinc 5,500,000 
METALS (SMALLER BASIS) 
Aluminium 9,700,000 
Copper 6,200,000 
Pig Iron 430,000,000 
Lead 3,000,000 
Magnes ium 220,000 
Steel (Ingots and Castings) 590,000,000 
Tin 220,000 
Uranium Oxide 22,000 
Zinc 4,900,000 
TABLE 7.3 - WORLD PRODUCTION OF MAJOR MINERALS 
Many minerals are available on the ocean floor and in its rocks. A m o n g these are iron, phosphori te, 
d iamonds and gold. Elements such as copper, a luminium and lead are consumed at an annual rate of 
1 - 1 0 million tons and gold and silver at rates of 10,000 tons or less. Of the metallic minerals iron makes 
up 9 5 % of all the metals consumed. Non metallics with the exception of iron are consumed at a much 
greater rate than metallic minerals. 
Mineral resources of the Earth being non-renewable are subject to depletion. If it is possible to recycle 
materials as for instance iron and tin the rate of depletion can be reduced. By applying methods of 
conservat ion in production and use, the rate of deplet ion.can be slowed down. However in most cases 
rapidly increasing populat ions, striving to improve their standards of living, lead to ever increasing rates 
of consumpt ion and therefore rapid depletion of reserves. There may occur a shortage of such rare 
elements as silver, mercury, gold, plat inum and hel ium. This could have serious consequences in the 
further development of some important production processes. Another element which is essential to 
human life and is being exhausted at an acclerated rate is phosphorous, a key component of all mineral 
fertilisers important for the development of agricultural production. In respect of materials like phosphorous, 
a crisis lies ahead of us. 
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C H A R T E R 8 
LIVING RESOURCES OF SRI LANKA 
Though Sri Lanka is a small island it has a wide range of natural ecosystems. The living components 
of these ecosystems - the plants, animals and microorganisms - comprise the country's natural living resources. 
Because of their ability to reproduce living things, under natural condit ions, they constitute renewable 
resources. In recent decades, man has exploited many species of plants and animals heavily and destroyed 
large areas of natural habitats. As a result, many species have been severely depleted and their capacity to 
reproduce themselves, threatened. In these circumstances, some naturally occurring living resources are 
becoming non-renewable and the species that constitute them may face extinction. 
The major living resources found in Sri Lanka (including its off shore territorial waters) are forests, 
grasslands, mangroves, coral reefs, and aquatic living resources (freshwater and marine). These are briefly 
descr ibed in the fol lowing sections. ; 
8.1 FORESTS 
A natural forest is a naturally occurring ecosystem dominated by trees. These ecosystems have evolved 
over long periods of t ime and eventually attained a climax state where the different components are 
in a state of dynamic equil ibrium with each other. In such a climax forest the gross primary product ion 
is all used up within the ecosystem. 
Sri Lanka 
• v \ 
\ \ A Low and mid country WGI Zone 
/ I \ B 
Dry Zone 
c Low and mid country Intermediate Zone 
Hi/ B \ D Montane Wet 2one 
Iv/ V E Montane Intermediate Zone 
l ^ ? \ 
F Arid Zone 
Colombo r ^ ? yA. V n 
N. \ ( • S 25 km 
Fig. 8.1 Bioclimatic Zones of Sri Lanka 
(Reproduced from Climate and Natural Vegetation of Sri Lanka by Yvonne Wijesinghe 
(Sinhala publication); Marga Institute Colombo; 1984 
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Over most of Sri Lanka, the climate and soil condit ions favour the development of forest. Corresponding 
to the different climatic condit ions found in different regions of the island, there are differences in the type 
of forest that develops and in the plant and animal communit ies found therein. The map in Figure 8.1 
gives a broad classification of the climatic regions found in the country. 
8.1.1. Tropical Rain forest or Wet Evergreen Forest 
The natural forest of the low and mid-country wet zone is tropical rain forest or wet evergreen forest. At 
one t ime this type of forest covered a good part of the low and mid-country wet zone. However, large 
areas have been cleared for the cultivation of tea and rubber and for the expansion of towns and vil lages. 
Forests have also been cleared for shifting cultivation. Today less than eight per cent of the land area 
of this climatic zone is covered by forests. One of the best known of the remaining forests is Sinharaja. 
These forests, like similar ecosystems in other equatorial regions of the world which have a heavy and 
well distributed rainfall are rich in biodiversity. Studies have shown that in Sri Lanka the trees in a wet 
evergreen forest may represent 100 to 140 species. 
The trees are of varying heights with crowns occupying different levels in the forest so as to give a 
stratified or layered appearance. The tallest trees form a cont inuous canopy with the crowns touching 
each other. These are the dominant trees and they reach heights of about 30 m. In some forests there 
are emergents which rise above the canopy up to a height of about 45 m. The crowns of the emergents 
are several metres apart. A m o n g the emergents are species of the family called the Dipterocarpaceae. 
Such as Dipterocarpus zeylanicus and Dipterocarpus hispidusXhe canopy layer is occupied by species like 
Doona congestif lora, Myristica dactyloides Campnosperma zeylanica etc. 
Below the canopy layer are one or two further strata of shorter trees and below these are the shrubs. 
Finally there is a ground cover of herbaceous species. (See Figure 8.2) 
A - Wet Evergreen Forest 
C • Dry Mixed Evergreen Forest 
E • Savannah 
B • Intermediate Zone Forest 
D - Wet Montane Forest 
E - Mangroves 
FIGURE 8.2 - STRATIF ICATION SEEN IN T H E DIFFERENT F O R E S T T Y P E S 
In addit ion to the trees, shrubs and herbs, there are several species of giant woody cl imbers, called 
lianas, that may reach up to the highest canopy level, eg. Coscin iwm fenestratum,. Entrada Pursaetha. 
A characteristic feature of Sri Lanka's wet evergreen forest is the presence of a large number of tree 
species which are found only in Sri Lanka. Such species are referred to as endemic species. In one 
study it was found 60 per cent of the trees that were enumerated belonged to endemic species. 
These forests are also rich in animal life. There are numerous species of invertebrates including large 
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number of insect species and many species of molluscs (snails). The vertebrate species include all 
major classes - f ishes, reptiles, amphibians, birds, and small mammals . Many species occupy ecologically 
very sensit ive niches. For example, the clear streams harbour many species of f ishes. Logging 
operat ions cause siltation. Siltation of streams may destroy fish populat ions. As with the plants, a m o n g 
the fauna, too, there is a high level of endemism in the forests of the wet zone. 
Microorganisms, including fungi, are abundant in the soil and litter of the forest. They cause rapid 
decomposi t ion of leaf litter and other plant and animal remains thus returning those materials to the 
system for re-use. 
8.1.2. Tropical Montane Forests 
These forests are typically found at elevations above 1200 m in the montane wet zone. The transition 
f rom tropical rain forest referred to above to tropical montane forest is gradual , with increase in elevation. 
The natural forests of the wet montane zone were cleared for tea cultivation in the last century and in 
recent decades, for potato cultivation. However, the clearing has not been as extensive as at lower 
elevations. Wet montane forests are seen at Horton Plains, Pidurutalagala, and at high elevations of 
Knuckles range and the Peak Wilderness. 
The heights reached by dominant trees becomes progressively less with increased elevation. At 
elevations of around 2000 m the trees are only 8 - 10 m in height. Below the tree layer are shrubs and 
herbs. The dominant tree species are trees such as Calophyl lum tomentosum, Zyzgium gardneri , 
Michelia nilagirica. Most of the trees are heavily branched and the crowns are f lat- topped. Many of them 
possess very small leaves. There is a luxuriant growth of epiphytic orchids, mosses and l ichens. In these 
forests too a high proportion of the tree species are endemic, but the degree of endemism is less than 
in the forests of low elevations. In contrast, the endemism among the fauna is greater than in the lowland 
evergreen forests. Endemic species are present among several major groups: mammals , birds, reptiles 
a n d amphibians. 
8.1.3. Dry Mixed Evergreen Forest 
This is the forest ecosystem of the dry zone which covers three-fifths of the land area of the country. 
It is therefore, the most extensive of the forest types of the island. Some of the species of these forests 
shed all their leaves annually during a particular season (deciduous condit ion), hence the name 'Dry 
Mixed Evergreen' . The dry zone experiences very dry condit ions (generally less than 50 m m rain per 
month) in the period May - August. The forest is more open (less dense) , the dominant trees are of 
lesser height (20 m) and the levels of biodiversity and endemism are much lower than in the low and 
mid-country wet zone. However, many timber species of high value are found a m o n g the dominants , 
e.g. Berrya cordifolia, Chloroxylon swietenia (satin), Diospyros Ebenum (ebony). This has lead to 
extensive exploitat ion of these forests for t imber. Together with the widespread practice of shift ing 
cult ivation, this has led to severe degradation of these natural forests. Al though there are a number of 
forests set apart as reserves, most of these are reserves only in name. Today there are no dry mixed 
evergreen forests which are anywhere near their original condit ion. Many thousands of hectares 
have been reforested with teak. This species is not indigenous to Sri Lanka but it grows much faster 
than most indigenous trees. 
A m o n g the fauna, there are many species of mammals found here, the most notable of which incUde 
the elephant, Elephas maximus maximus, the smabhur, deer, wildboar, leopard, and species of 
pr imates. 
8.1.4. Intermediate Zone Forests 
These are the natural forests of the intermediate zone. They contain some of the tree species of the 
dry zone and some of the wet zone. Some of these species are found in greater abundance here than 
elsewhere e.g. Melia composita , Filicium decipiens. The large majority of these forests have been 
cleared and the land taken up for other uses. Very good quality forest plantations of mahogany and jak 
have been raised in the intermediate zone, around Polgahawela. 
8.1.5. Thorn Scrub 
This is the low, open thorny vegetat ion found in the two arid regions of the country. Some tree species 
of the dry zone are also found in this region but they grow to much lower heights than in the dry zone, 
e.g. Manilkara hexandra, Hemicyclia sepiaria. 
8.1.6. Grasslands 
The best known of Sri Lanka's grasslands are the dry patanas in the Uva basin of the Montane 
intermediate zone. These areas are covered by Cymbopogon confertif lorus grass. This grass in its 
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mature state is not palatable to cattle. It is regularly burnt and the cattle are able to graze on the young 
leaves that sprout after the rains. Large areas of patanas have been afforested with Pinus and 
Eucalyptus species which are not indigenous to Sri Lanka but thrive well on the patanas. 
The grasslands of Horton Plains are the wet patanas. The dominant species is a tussock grass, (a 
relative of Chrysopogon aciculatus - Love grass).Several other herbaceous species and dwarf bamboos grow 
intermixed with the grass. 
In the dry zone, areas that get regularly f looded, such as the floodplains of the Mahawel i , are called the 
villu grasslands. They are covered by succulent grasses. These wet lands are nutrient rich and they 
harbour many species of fauna, including birds of both migrant and indigenous species. 
8.1.7. Savannah 
Savannah consists of grasslands with scattered trees. Savannah lands are seen in Bibile, Lunugala, and 
Ampara i . The grass Imperata cylindrica is present and the areas are subject to frequent fires. The trees 
are of fire resistant species like Terminalia chebula, Terminalia belerica, Emblica officinalis and Pterocarpus 
marsupium 
8.1.8. Mangroves 
The mangrove habitat is subject to varying salinity of the water, muddy substrata that lack oxygen, heavy 
sediment load, river discharge and tidal movements . 
The vegetat ion in mangrove swamps are dominated by salt tolerant species which have special 
adaptat ions to enable them to withstand the peculiar conditions of the habitat. Some of them have stilt 
roots, others have special 'breathing roots' called pneumatophores. In some species the seed germinates 
whilst still at tached to the parent tree, and the plantlets that get detached, drop intQ the water and 
eventual ly get f ixed to the soil . The leaves are thick and leathery. A m o n g the c o m m o n species are 
Rhizophora mucronata , Sonneratia acida species, etc. 
The total area of mangrove vegetat ion in Sri Lanka is about 3400 hectares. This type of vegetat ion is 
found near the mouths of rivers and fringing estuaries and lagoons. The largest areas are found in 
Puttalam, Tr incomalee, Batticaloa and Jaffna. 
The mangrove vegetat ion serves to protect the coast line and function as sediment traps. The mangrove 
areas are ecologically important as breeding grounds of many species of aquatic fauna. The mangrove 
vegetat ion is under threat because of extraction to provide fuelwood and construction poles. 
8.2 INLAND AQUATIC ECOSYSTEMS 
Inland aquatic ecosystems are associated with inland water bodies and marshes. The water bodies 
consist of reservoirs (all of which are man made) and the rivers. Many marshlands have, over the years, 
been converted into man made systems such as paddy fields in the lowlands and midcountry and 
vegetable cultivations in the montane region. Many other marshy areas have been filled and used for 
building construct ion, as a result of which natural drainage patterns have been disrupted and the areas 
are liable to f looding during rains. The Bellanvila marshlands, outside Colombo, have been declared a 
sanctuary in recognition of their ecological importance. 
All inland marshes are rich in plant and animal life. Moisture loving plants such as aroids, reeds, and 
ferns are present. A m o n g the animals found there are many species of insects, reptiles, amphibians and 
f ishes. 
The reservoirs have been subject to invasion by the water weeds, salvinia and water hyacinth, that 
spread rapidly. Recent efforts at controll ing salvinia by biological means (using the insect Cyrtobagous 
salviniae) have proved successful . In some reservoirs the inflow of nutrients has resulted in the heavy 
growth of microscopic algae (a phenomenon called algal b looms). The growth of water weeds and algae 
can seriously interfere with the use of these reservoirs for irrigation, power supplies, and fisheries 
development . 
8.3 CORAL REEFS 
Coral reefs are built by certain animal and plant species. The reef itself consists of skeletal material with 
a thin layer of living organisms which continually add skeletal material to the reef. The skeleton is external 
a n d fo rmed of ca lc ium carbonate. Corals need shallow, clear, w a r m waters because microscopic algae 
living in the bodies of these animals need sunlight to carry on their life processes. The algae provide 
food to the coral while the coral affords protection to the algae (symbiotic associat ion). Corals also need 
areas free from excessive incursions of fresh water and nutrients. One-hundred-and-seventy-one 
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different species of reef building corals have been identified in Sri Lanka. The most dominant and 
c o m m o n a m o n g them is the staghorn coral . 
There are two types of coral reefs in Sri Lanka. 
(a) Fringing reefs - These occur in proximity to the shoreline and grows up at tached to rocks on the 
sea floor. Most of the reefs around Sri Lanka are fringing reefs. They are found along the northern 
shoreline of the Jaffna Peninsula and adjacent islands and on the eastern coast around Kalmunai , f rom 
Kandakul iya to Thalawila, and from Akurala to Tangal le. 
(b) Barrier reefs - These are ridges or small hills o f .cora l lying some distance from the shore and 
running parallel to it. Barrier reefs are u n c o m m o n in Sri Lanka and may be seen at Vankalai a n d 
Si lavathurai . 
Coral reefs are a m o n g the most highly productive systems in the world with rates of primary productivity 
which are m u c h greater than those of most terrestrial ecosystems. 
Coral reefs dissipate wave energy, provide stability to the coast and supply beach material . They provide 
the very special ized habitats needed by marine ornamental fish and many other animals. They are 
therefore rich in biodiversity. They are very fragile systems. Al though they are renewable in the strict 
sense their rate of growth is very small , and, if excessively damaged , they cannot replace themselves 
fast enough and will eventually disappear from the site. Under such conditions they become non-renewable. 
8.4. SEA GRASS BEDS 
Sea grasses are rooted, seed bearing, marine plants. They form dense growths in shallow sheltered 
waters along the coast and also in estuaries and lagoons. Like coral reefs they are highly productive 
systems and like mangroves they form efficient sediment and nutrient traps. They provide shelter for 
a large number of organisms a n d are important as nursery sites for many fish species. In the Puttalam 
lagoon and Mannar area they form the habitat of the sea cow (dugong), an endangered large marine 
mammal . Sea grass beds are c o m m o n especially along the coast line f rom Dutch bay to the western 
•end of the Jaffna peninsula. In the Gulf of Mannar extensive growths extend from the Sri Lanka coastl ine 
towards the Rameswaram island of India. Dense growths are found in the Jaffna and Batticaloa lagoons, 
in Kokilai lagoon in the east coast, and in Puttalam and Negombo lagoons on the west coast. 
8.5. SALT MARSHES 
Salt marsh ecosystems are found in locations, where there are prolonged dry seasons. They consist 
of sandy and muddy tidal flats which are periodically inundated by the ebb and flow of sea water, with 
the tide. In Sri Lanka they occur in the north, northwest, northeast and southeast coastal regions. The 
vegetat ion in these salt marshes compr ise short succulent species adapted to live in windy, sand b lown, 
hot, dry, saline environments. In the salt marshes in Mannar district as many as 56 species of plants 
have been recorded. Water fowls are abundant in them. Seasonally milk fish seed is col lected f rom the 
mud flats of Mannar. 
8.6. FISHERY RESOURCES 
Coastal f isheries provide 97 per cent of the fish production in the country. Much of the fish production 
comes f rom the Gulf of Mannar, Palk Bay and Palk Strait. High fish densit ies have been found f rom 
N e g o m b o to Galle, off Hambantota , and from Tr incomalee to Mullait ivu. The annual sustainable yield 
of coastal f isheries is est imated at 250,000 tons, about two-thirds of which are species living close to the 
surface, e.g. Danio aquipinnatus, Amblygaster siram (Trenched sardine), and the rest, bottom living 
species. There are important f isheries associated with estuaries and lagoons. These water bodies 
serve as nursery areas for prawns. Prawns are f ished both in the lagoons and estuaries and also in 
adjacent coastal waters. 
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NON-LIVING RESOURCES OF SRI LANKA 
9.1 LAND 
9.1.1. Major Land U s e s 
Sri Lanka has an area of 6.56 million hectares, 1.8 per cent of which is covered by inland waters. In 
terms of productivity the entire land area is not equally usable. Soils, topography and climate determine 
appropriate use. 
The major land uses in the country today are classified under the fol lowing categories: 
1 . Sett lements and h o m e gardens. 
2. Land under cultivation with tea, rubber and coconut and other crops 
3. Forests, grasslands, scrubland and chenas. 
4. Wet lands 
5. Others 
Extent of land use in Sri Lanka is illustrated in Figure 9 .1 . 
1984 
A • Seltlements 
A 
B - Paddy 
C - Tea 
D - Rubber 
E - Coconut 
F - Other crops 
G - Unmeasured 
H • Forest 
I - Grass, Chena. Scrub 
J - Wetland 
FIGURE 9.1 - LAND USE PATTERN IN SRI LANKA 
(in thousands of hectares) 
Total Measured Land Use - 6,525.000 ha. 
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The populat ion of the island has been increasing while the total available land area remains finite. The 
per capita land availability, known as the land-man ratio, has decl ined. Today it stands at 0.38. 
9.1.2. Soil 
The type of soil that forms in a particular area is determined by the cl imate, topography, nature of the 
parent material (bed rock) and by the vegetat ion that develops on the site. Al though Sri Lanka is a small 
country, variations in the above ment ioned factors and their combinat ions have resulted in several 
different types of soils being formed. The most c o m m o n type of soil in the dry zone is the Reddish Brown 
Earth. This soil type is rich in mineral nutrients. In the wet south west region the characteristic type 
of soil that is found is lateritic soil. Sri Lanka's soils are vulnerable to soil erosion due to high rainfall 
intensity. Therefore soil conservat ion is a very important factor in land management . 
Soil is renewable in the long term. Tropical soils are estimated to form at rates of around 50 m m per 
1000 years, f rom bed rock whereas all of. this soil could be lost within a short period due to soil erosion 
in badly managed soils. 
Data on soils, cl imate and topography have to be analyzed in order to assess suitability of land for 
different uses. Such data can be used in land use plans on a national scale. Information so gathered 
indicates that thousands of hectares of lands under agriculture, at present, are in fact, only marginally 
suitable for this purpose. 
9.1.3. Clays 
The clay resources of Sri Lanka are used mainly in the ceramic and cement industries and in the 
manufacture of bricks and tiles. Clay deposits used for ceramic manufacture are obtained f rom the Maha 
O y a basin , north of N e g o m b o (Gampaha district), Alutnuwara (Badulla district), Yatiyana, in the south of 
the country, and Udawalawe in Sabaragamuwa. China clay, or kaolin is extracted from Bora lasgamuwa. 
Clays suitable for bricks, roofing tiles and pottery are found in many parts of the country (Figure 9.2). 
9.1.4. Graphite 
Sri Lanka has been renowned for its high quality graphite. This has a carbon content of over 95 per 
cent. It occurs as massive veins in natural f issures in rock and can be mined. In the past about 6000 
shal low pits and small mines operated in various parts of the country, especially in the central and 
south-eastern regions. Today only two main mines operate one at Bogala and the other at Kahatagaha 
(Figure 9.2). 
Graphite was at one time an important export, 28,000 metric tons being exported in 1942. Today only 
about 7000 metric tons are exported annually. Sri Lanka has not yet been able to establ ish industries 
to produce value added products such as crucibles, carbon brushes and colloidal graphite from the 
mined graphite. 
9.1.5. Mineral Sands 
Some of our beaches contain large deposits of sand rich in minerals such as i lmenite, rutile, monazite 
a n d z ircon. One of the largest deposits found is at Pulmoddai , north of Tr incomalee. Mineral sand 
deposits are also found at Kaikawela, Polkotuwa and Kudremalai Point. It is bel ieved that large deposits 
may exist south of Tr incomalee. Deposits of monazite have also been discovered at Beruwela (Figure 
9.2) 
It is est imated that there are about six million tons of mineral sands in the Pulmoddai deposit. The 
Mineral Sands Corporat ion is responsible for the exploitation of the resource. Rutile has nearly 95 per 
cent t i tanium oxide and ilmenite 50-60 per cent. However, no refining is done in this country. The raw 
material is exported to Japan and Europe. 
9.1.6. Rock Phosphate and Copper-Magnetite 
Phosphates are essential nutrients for plant growth. Much of the country's needs are imported. A major 
deposit of rock phosphate (apatite) was discovered in 1971 at Eppawela. It is est imated that there are 
at least 30 million tons of high quality rock phosphate and a possible further 60 million tons. The 
techniques for convers ion of this apatite to soluble phosphate for use as fertilizer have not yet been 
developed. 
Copper-magnet i te is the first base metal ore deposit detected in Sri Lanka. This ore is found at Seruvila 
(Figure 9.2). It has not yet been exploited. 
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9.1.7. G e m s t o n e s 
For thousands of years, gem stones of Sri Lanka have been wor ld- renowned for their high quality, 
beauty, clarity and variety. The six most important gemstones in the export market are the blue 
sapphires, star sapphires, rubies, star rubies, cat's eyes and alexandrites. Others include, topaz, 
amethysts , garnets and moonstones. The most sought after are the royal blue and cornflower blue 
sapphires. Another stone worthy of mention is the alexandrite, because it has a rare property of 
appear ing, green or red under different light condit ions. Alexandrites are found only in Sri Lanka and 
the Ural mountains in Central Asia. 
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The largest deposits of gems are found in the Sabaragamuwa province. The most actively mined areas 
are in Ehel iyagoda, Kuruwita, Ratnapura, Kalawana and Rakwana. Other areas include Okkampit iya a n d 
Moneragala (Moneragala district), Elahera (Matale district), and along the Menik Ganga (Figure 9.2). 
Sri Lanka is a m o n g the five principal countries of the world with gem deposits. The others are Burma, 
Brazil, South Africa and Thai land. 
9.1.8. Limestone 
Lime occurs in nature mainly in the form of calcium carbonate. There are 3 sources of lime in Sri Lanka. 
(a) Coral harvested f rom the sea especially a long the southwest coast of the island. Since destruction 
of living corals for the manufacture of lime has severely increased coastal erosion, coral mining is 
d iscouraged. Extraction from in-shore deposits is encouraged. 
(b) Sedimentary l imestone in the Jaffna peninsula, a n d in the north west coast of the island. 
(c) Dolomite l imestone (carbonate of calcium and magnesium) in the Ratnapura, Matale, Kandy, Badulla, 
Balangoda, Nalanda, Niriella and Habarana areas. Crushed dolomite is used, as a fertilizer, in porcelain 
and glass industries and as a source of lime (Figure 9.2). W h e n lime is burnt in kilns, quick lime is 
produced. On addition of water quick-l ime becomes slaked lime which is used in the building industry. 
9.1.9. Sand 
Sand that comes down in most of the rivers in the country is manually removed from the river bed for 
use in building construct ion. Uncontrol led sand mining interferes with the replenishment of beaches and 
this in turn increases coastal erosion. Sand mining also causes lowering of the river bed and increases 
the entry of salt water up the river. The Kelani Ganga, Maha Oya, Kalu Ganga and Gin Ganga are 
a m o n g the rivers in which m u c h sand mining is done. 
9.1.10. Rocks 
Rocks are widely used in the building and road construction industry in Sri Lanka. Granite and gneisses 
which are very strong, durable and resistant to weather ing have been widely used in ancient Sri Lanka. 
The steps at Mihintale, statue of Buddha at Aukana, monolithic pillars in the ruins and the Gal vihare at 
Polonnaruwa have been carved out of this material. Granite rocks can be well pol ished and are hence 
used as ornamental stones including tomb stones. They are also used locally as luxury flooring tiles. 
Pol ished granite is also exported. 
9.2 WATER 
9.2.1. Fresh Water 
Rainfall provides Sri Lanka's fresh water resources. Rainfall is received f rom the southwest (May-July) 
and northeast (November-January) monsoons and from convectional currents and cyclonic effects. The 
wet zone or southwestern part of the country receives a heavy and well distributed rainfall of 2500 m m 
to 5000 m m per year. The dry zone receives an annual rainfall of 1250 m m - 1900 m m per year with 
a very dry period which extends from May to August. In the arid zone there is less than 1250 m m of 
rain per year and the dry period is longer and more intense than in the dry zone. 
Depending upon their location the water resources of Sri Lanka may be divided into two categories. 
(i) Ground Water 
(ii) Surface water in rivers, streams, ponds, lakes, reservoirs and marshes. 
9.2.1.1. Ground Water 
That part of the rain water that seeps through the soil and collects in the sub soil or within the bed rock 
is called ground water. The upper level of this ground water is called the water table. 
Ground water is tapped by means of wells dug up to a depth of about 12 m. In most parts of the dry 
zone, ground water resource gets depleted during the dry period. Hence, wherever possible wells in 
these regions are located near tanks, reservoirs or irrigation canals. In recent t imes tube wells, reaching 
depths of 30m -100m, are being used to tap the ground water. 
The largest ground water reservoirs (aquifers) in Sri Lanka which have been studied are in the north and 
northwest of the island. Very little information on ground water is available for the rest of the island. 
Ground water has been used for irrigation in districts such as Jaffna and Vavuniya for a long t ime. It 
is est imated that extraction in Jaffna has exceeded safe limits. 
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Agrochemica ls which are extensively being used have seeped into the ground water and are threatening 
this valuable quality of the resource. 
9.2.1.2. Surface Water - Streams, Rivers, Ponds 
Springs, streams, rivers, ponds and lakes are formed where the level of ground water rises above the 
land surface. 
There are 103 rivers and streams in the country, 80 of which are in the dry zone and are seasonal. 
Those rivers which have their watersheds located in the wet zone of the country have a cont inuous flow 
of water in them and are referred to as perennial rivers. Those that have their watersheds in the dry 
and intermediate zones, where the rainfall is seasonal , dry up during the dry season and hence are called 
seasonal rivers, eg. W a s g o m u w a Oya, Maduru Oya. The perennial rivers of Sri Lanka may be further 
divided into (i) fast-f lowing perennial rivers like Kotmale Oya and Belihul Oya f lowing through the steep 
gradients in the hill country, and (ii) the slow f lowing perennial rivers like Maha Oya and Deduru Oya, 
f lowing through relatively flat lowlands. The major river basins of Sri Lanka are s h o w n in Figure 9.3. 
R I V E R B A S I N S 
R I V E R B A S I N S 
Basin N a m e ol Basin Catchment 
N o Area Sq. K m 
1. Kelani Ganga 2278 
2. Bolgoda Lake 374 
3. Kaluganga 2688 
4. Bemota Ganga 6622 
5. Madu Ganga 59 
6. M a d a m p e Lake 90 
7. Teiwallc Ganga 51 
8. Ralgama Lake 10 
9. Gin Ganga 922 
10. Koggala Lake 64 
11. Polwalte Ganga 233 
12. Nilwala Ganga 960 
13. Sinimodara Oya 38 
14. Kirama Oya 223 
15. Rckawa Oya 755 
16. Uruhokke Oya 348 
17. Kachigala Ara 220 
18. Walawc Gangn 2442 
19. Karagan Oya 58 
20. Malala Oya 399 
21. Embilikala Oya 59 
22. Kirindi Oya 1165 
23. B a m b a w e Ara 78 
24. Mahasilawa Oya 59 
25. Bulawa Oya 38 
26. Mcnik Ganga 1272 
27. Katlipila Aru 86 
28. Kuranda Ara 131 
29. Namadagas Ara 46 
30. Karambc Ara 46 
31. Kumbukkan Oya 1218 
32. Bagura Oya 92 
33. Girikula Oya 15 
34. Hclawa Ara 51 
35. Wila Ara 484 
36. Hcda Oya 604 
37. Karanda Oya 422 
38. Simona Ara 51 
39. Tandiadi Aru 22 
40. Kangikadicbi Ara 56 
41. Rulus Kulam 35 
42. Panncl Oya 184 
43. AmbalamOya 115 
44. Gal Oya 1792 
45. Andclla Oya 522 
46. Thumpankcni lank 9 
47. Namakadu Aru 12 
48. Mandipalln Aru 100 
49. Pallanthe Oephuo Aru 100 
50. Magalawatavan Aru 346 
51. Veil Aru 26 
52. Mundcni Aru 1280 
R I V E R 
BASIN B O U N D A R Y 
BASIN N U M B E R 
Basin N a m e ot Basin Catchment 
N o Area Sq. K m 
53. Mryangolla Ela 225 
54. Maduru Oya 1541 
55. Pulliyanpotha Aru 52 
56. Krrimechi Odai 77 
57. Bodigoda Aru 164 
58. Mandan Aru 13 
59. Makarachchi Aru 37 
60. Mahaweli Ganga 10327 
61. Kanlalai Basin Ara 445 
62. Panna Oya 69 
63. Palampotla Aru 143 
64, Pankulam Ara 382 
65. Kanchikamban Aru 205 
66. Palakulti Aru 20 
67. Yan Oya 1520 
68. M e e Oya 90 
69. M a Oya 1024 
70. Churian Aru 74 
71. Chavar Aru 31 
72. Palladi Aru 61 
73. Nay Ara 187 
74. Kodalknllu Aru 74 
75. Per Ara 374 
76. Pali Aru 84 
77. Miiruthaptlly Aru 120 
78. Thoravil Aru 41 
79. Piramcnlhol Aru 90 
80. Ncthali Aru 120 
81. Kanakarayan Aru . 986 
82. Kalawalappu Aru 56 
83. Akkarayan Aru 192 
84. Mendeknl Aru 297 
85. Pallarayan Kadu 159 
86. Pali Aru 451 
87. Chappi Aru 66 
88. Parangi Aru 832 
89. Nay Aru 560 
90. Matvatu Oya 3246 
91. Kal Ara 210 
92. Modcragam Ara 932 
93. Kala Oya 2772 
94. Moongil A m 44 
95. Mi Oya 1516 
96. Madurankuli Aru 62 
97. Kalagainuwa Oya 151 
98. Panlnmpola Oya 215 
99. Deduru Oya 2616 
100. Karambala Oya 589 
101. Ralmal Oya 215 
102. Maha Oya 1510 
103. Attanagalu Oya 727 
S o u r c e : Hydro logy Division, 
Irrigation D e p a r t m e n t , C o l o m b o . 
FIGURE 9.3 - RIVER BASINS OF SRI LANKA 
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In ancient t imes in Sri Lanka many thousands of reservoirs had been constructed to store water for 
irrigation purposes in the dry zone. In recent t imes many of these reservoirs have been restored. And 
a number of reservoirs have been constructed for impounding water for irrigation purposes and for the 
generat ion of electricity. The large Mahawel i Development schemes use the water of the Mahawel i 
Ganga in a series of reservoirs. 
Over 60 per cent of the water f lowing into the sea is from the wet zone where it often causes f looding 
and water logging in many low lying areas. In the dry zone over 50 per cent of the total run off had been 
util ised by 1972. 
Associated with some of our rivers are f lood plains. The best examples of these are associated with 
the Mahawel i , Kala Oya and Modaragam Aru . The Mahaweli f lood plains occupy about 50,000 hectares. 
In addit ion to these wet lands that occur naturally there are man made wet lands. Actually about 95 per 
cent of Sri Lankas freshwater wetlands comprising village reservoirs and rice paddies are man made. 
9.2.2. Estuaries and Coastal Waters 
Estuaries are partially enclosed bodies of water having free connect ion with the ocean. Within the 
estuaries sea water is appreciably diluted with fresh water f rom terrestrial run off. Some of our estuaries 
are basin estuaries where a river discharges into a basin connected to the sea as at Puttalam, Chi law 
and Negombo. Others are riverine estuaries like those of Kelani, Kalu and Nilwala ganga which empty 
directly into the sea. Lagoons are also coastal water bodies with a variable salt content but they are 
either permanent ly separated f rom the sea or connect with the sea for only part of the year. True lagoons 
include Koggola lagoon and Lunawa lagoon and the Mundal lake. Negombo lagoon like that at 
Batt icaloa is, in fact an estuary. 
Both estuaries and lagoons have high concentrat ions of nutrient materials and are therefore highly 
product ive. They support major f ishing activities and provide employment for thousands of people. 
Estuaries and lagoons also serve as nursery grounds for fish and prawns. Very often estuaries and 
lagoons are closely l inked with major urban centres. The city of Colombo for instance lies adjacent to 
the Kelani estuary and Negombo lies near the Negombo lagoon (estuary). 
The distribution of major basin estuaries and Lagoons in Sri Lankas is shown in Figure 9.4. 
Sri Lanka has a coastline of approximately 1600 ki lometres. Seaward parts of the coastl ine form 
important habitats such as coral reefs, sandstone reefs and sea grass beds. The coastal waters overlie 
the continental shelf. In the north west where the Sri Lanka shelf is cont inuous with that of India the 
shelf is broad. Around the rest of the island the continental shelf is relatively narrow with an average 
width of 12 miles. The total area of the continental shelf is about 26,000 k m 2 . Beyond the continental 
shelf is the continental slope which rapidly descends to a depth beyond 2000 metres. 
In certain locations submarine canyons cut across the continental shelf. The most pronounced canyon 
is the one which lies off Tr incomalee and brings very deep water into the Tr incomalee harbour area. 
In the last four chapters we have looked at the resource base globally as well as nationally. We have 
emphasised the fact that a major part of the resource base is non-renewable. It is finite in quantity and 
therefore has to be used rationally. The renewable part of the resource base can support mank ind far 
into the future, if we take the effort to understand the processes of renewal and ensure that human 
activity will not unduly interfere with these processes. 
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C H A P T E R 10 
ENERGY RESOURCES 
We have already referred to energy resources and described them as being perpetual or non-renewable 
or renewable. Without a supply of energy there can be no life on earth and many earth processes would come 
to a standstil l . Without an energy source human society cannot exist and develop in the manner in which we 
live and develop today. Because energy is so crucial to mankind it is necessary to devote some time and space 
especially to the understanding of energy resources and their use. 
10.1 M A J O R E N E R G Y R E S O U R C E S 
Energy is basic to life and to the economic advancement of the human race. The maintenance and 
improvement of condit ions of life including dwell ings, food, water and transportat ion demands the 
availability of abundant useable forms of energy. The sun is the primary source of energy which drives 
both living and non-l iving systems on earth. Plants by photosynthesis, store solar energy in organic 
matter of their bodies. Animals eat plants and take over part of the stored energy of the plant into their 
own bodies. The energy from the sun also drives the entire atmospheric and ocean circulat ions. 
Apart f rom solar energy stored in living systems there are other energy resources on earth. In this 
chapter we shall deal with Petroleum and natural gas, coal, radioactive materials, biomass fuel, hydropower, 
wave energy, wind energy and ocean thermal energy. Apart f rom nuclear, and geothermal sources, all 
the other energy resources are derived from solar energy. Tidal energy is derived mainly f rom the 
gravitational force of the moon . The contribution from the sun for the same is minor. 
Fossil fuels are derived from plants that existed on earth many millions of years ago and stored solar 
energy within themselves just as the plants of today do. The plants were buried and fossil ised and 
converted to fossil fuels. Fossil fuels are non-renewable and will be exhausted in the forseeable future. 
Nuclear energy, dependent on radioactive mineral resources also has a l imited, though longer, period 
of availability. Geothermal energy, because of the vastness of the resource, has potential for long term 
use, though it is not renewable in the true sense. Energy from wind, wave, and ocean temperature 
differentials, being themselves related to solar energy inputs, are perpetual sources. The truly renewable 
forms of energy are those that are derived from biomass, because plantations of fue lwood trees can be 
harvested and replaced continuously. 
As the world populat ion increases and as living standards improve, the d e m a n d for energy also rises. 
In order to plan for future energy needs it is essential to have information on factors such as types of 
usable energy sources and their availability. These factors must be considered, in conjunct ion with 
environmental degradat ion due to energy use. 
The major energy resources of the world are petroleum,natural gas, coal, nuclear fuel and b iomass. The 
major energy sources and the forms to which they can be converted are given in Figure 10.1. 
10.1.1. P e t r o l e u m a n d Natura l Gas 
Petroleum or crude oil, is a f lammable liquid found in underground deposits. It is not only a source of 
energy but is also a raw material for many chemical products. It has been formed f rom simple organisms 
which accumulated in deposits over long periods of t ime, mill ions of years ago. Chemical ly petroleum 
is a mixture of several compounds made up of hydrogen and carbon (hydrocarbons) . In addit ion, they 
may contain varying amounts of sulphur, nitrogen, oxygen and traces of some metals. Petroleum fields 
are distributed in many parts of the world. The figure 10.2 depicts the location of the major known oil 
deposits of the earth. Most of the oil is concentrated within the crescent shaped area, shown in dots. It 
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FIGURE 10.3 - MAJOR C O A L FIELDS OF THE W O R L D 
is expected that oil will continue to be the dominant energy source during the early parts of the 21st 
century. 
Natural gas occurs in associat ion with petroleum or by itself in some regions. Natural gas is available 
f rom oil fields or gas fields alone in abundance, in some regions. Natural gas is usually conveyed by 
pipelines directly to the consumer. Important pipelines are the Alaskan and Siberian pipel ines that supply 
North America and Europe respectively. Natural gas f rom Bangladesh is supplied to India. 
10.1.2. Coal 
Coal is a combustible solid composed mainly of carbon, associated with hydrogen, oxygen, nitrogen, 
sulphur and many other minor constituents. Coal has been formed from plant debris which got buried 
in swamps millions of years ago and have remained underground. Plant debris accumulated in swamps, 
underwent compact ion after burial to produce peat initially. Much later peat was converted to soft coal 
(lignite), coal and anthracite coal. Present coal beds are known to exist at various depths f rom the 
surface. Major known coal bearing regions are given in figure 10.3. 
10.1.3. Radioactive materials 
The principal radioactive materials presently in use is uranium. It occurs in different types of deposits. 
Some of the countries rich in uranium deposits are Africa, Australia, Canada, Czechoslovakia , France, 
Madagascar , (former) USSR and Zaire. 
At the present rate of consumpt ion , known deposits of petroleum are est imated to last for about a century 
while coal will last for a few more centuries. However, the reserves of uranium are known to be 
substantial . 
10.1.4. Biomass fuel 
Fuel w o o d and other forms of b iomass, ranging from wood to animal dung is used by about 2.5 billion 
people for domest ic purposes. The amount of b iomass produced depends on the availability of sunlight, 
rain and soil nutrients. Much of the biomass in the world is produced in tropical countr ies. With increase 
in populat ion in the developing nations, the consumpt ion of b iomass has also increased. Unlike fossil 
a n d nuclear fuel, b iomass fuel can be renewed continuously by scientific management of forests, a n d 
fuel w o o d plantations. 
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10.2. OTHER ENERGY RESOURCES OF THE WORLD 
Hydropower, w ind, wave, ocean thermal and direct solar radiation are other resources of energy. A new 
resource is alcohol produced from sugar. 
10.2.1. Hydropower 
Hydropower is derived from falling water. Where there is abundant rain or melting ice caps rivers carry 
much water. This water can be stored in reservoirs at high elevations and channeled d o w n a steep drop 
to a lower elevation. The energy of the falling water drives a turbine and produces electricity. Generation 
of electricity by this means is referred to as hydropower generat ion. Al though the capital investment for 
the construct ion of hydropower stations is high, running costs are low. The 'fuel' used, water, has no 
direct cost. The energy output f rom hydropower depends on the availability of water and is therefore 
subject to f luctuation. Therefore, in most countries power generated from fossil fuel or nuclear power 
plants is required to supplement energy supply at t imes when hydropower output falls. 
Tidal power could also be used for the generat ion of electricity. Dams built across the mouths of river 
are fitted with gates that can be opened when the tide rises. W h e n the tide begins to fall the gates are 
c losed and the trapped water is directed through turbines. A major tidal power plant with capacity 240 
M W is in operat ion at present at La Ranee in France. Tidal power has more potential at high latitudes 
where dif ferences between high and low tides are large. 
The total major hydropower potential development in the world is expected to be virtually fully exploited 
by the year 2100. The total potential contribution from hydro power to the world's energy demand is 
relatively smal l . 
10.2.2. Wave Energy 
There is appreciable energy expended by wave motion along the shores of the oceans. Theoretical 
est imates indicate a potential of about 40 kW/metre of coast line. Trapping of this wave energy can be 
achieved by installing floating platforms that oscillate as waves pass beneath them and which in turn 
operate electrical generators. Small devices that generate upto 0.5 MW are already in operat ion. But 
larger systems are yet to be developed. Small scale wave energy units are useful for isolated coastal 
communi t ies . 
10.2.3. Wind Energy 
Wind energy is commonly harnessed through windmil ls. Propellers in a wind mill capture mechanical 
energy f rom wind. This mechanical energy is commonly used directly for pumping water or to work a 
generator. Wind power was extensively used for milling corn or pumping water in the Netherlands until 
cheaper and more convenient methods became available. In America in the 1920's and 1930's windmil l 
generated electricity was c o m m o n but was replaced with increased availability of grid power. Now with 
the developing energy crisis and environmental considerat ions interest in wind power has been renewed. 
Presently wind farms in certain developed countries capture wind energy to feed into the national 
electricity grid. Wind energy is fast becoming a practically useful source of energy for power generat ion. 
10.2.4. Ocean-Thermal Energy Conversion 
Ocean thermal energy conversion (OTEC) technology seeks to use the temperature difference between 
w a r m surface waters and cold deep waters in the tropical oceans. Liquid ammonia cooled by the cool 
bottom waters and heated by w a r m surface waters is used to drive a turbine. 
The O T E C systems need large capital investment. About 3 0 % of power generated goes to pumping of 
water through the heat exchangers. OTEC is still in the experimental stage. 
10.2.5. Direct Exploitation of Solar Energy 
Solar radiation reaching the earth's surface varies according to weather condit ions and the geographical 
location. Systems designed for the direct use of solar energy can be broadly grouped into those that 
are used for generat ion of heat and those that are used for the generation of electricity. 
Solar radiation can be converted to heat efficiently in two c o m m o n ways . O n e is to expose a b lackened 
surface to sunlight that will be absorbed and converted to heat. This is called a flat plate collector 
(Figure 10.4). An improvement is to use reflectors or lenses to concentrate the radiation to a single spot 
where a black surface will be posit ioned to absorb the energy. This is called a solar concentrator. Flat 
plate collectors are used, for example, to obtain hot air for grain drying, space heat ing in cold regions 
and to obtain hot wajer for domestic and commercial use. Solar concentrators reach higher temperatures 
than flat plate collectors. In certain cases large reflectors focusing solar radiation to a tower, boil water 
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FIGURE 10.4 - FLAT PLATE SOLAR C O L L E C T O R 
to produce steam and generate electrical energy. To obtain large amounts of concentrated heat solar 
concentrators covering large areas are needed. Sunlight falling on 2.5 sq km lb converted to useful 
energy at 10 per cent efficiency could produce 180.000 kw of electrical energy. This is a potentially large 
quantity of electric power, but to cover such a large area of land with collectors is costly. It is worthy 
to note that desert land areas with a clear sky such as one in northern Chile (288 km X 160 km) receives 
solar energy per day equal to one day's world consumpt ion of coal, oil and gas. If ever science and 
technology advance sufficiently to trap, store and transport all such energy we will have an abundant 
inexhaustible and non-pollut ing source of energy for the future. 
Another device for convert ing solar energy directly to electricity is the p h o t o v o l t a i c s o l a r ce l l . The 
efficiency of a solar cell is around 14 per cent. Presently the cost of photovoltaic panels (which are 
collections of solar cells) is prohibitively high for large scale electricity generat ion. Electricity from 
photovoltaic cells can be stored in rechargeable storage batteries for use, when sunlight is not available. 
In remote locations where there is no electricity supply, solar panels can be considered for small scale 
local use. 
10.2.6. G e o t h e r m a l E n e r g y 
Heat is produced by the decay of radioactive material in the l i thosphere. In certain locations of the earth 
high temperatures are developed near the surface. Such areas are often located close to volcanic 
regions. Geothermal heat may be employed to produce steam which in turn generates electricity. 
10.3 E N E R G Y USE IN SRI L A N K A 
10.3.1. H i s t o r i c a l 
Sri Lanka depended on sun, wind, fuelwood and draught animals as the main sources of energy till 
relatively very recent t imes. During the latter part of the last century and the first half of this century coal 
was used as the energy source in tea factories. The railway system used steam locomotives f ired by 
coal for a long time. Coal gas was produced from coal and transported along pipes and was available 
in a few cities for street l ighting and for cooking. 
Prior to 1950 direct burning coal fired steam generation was the means of electric power generat ion in 
Co lombo and in other major towns. Subsequently coal imports were phased out and replaced by 
petroleum imports for use in transport as well as electric power generat ion. With the phasing out of coal, 
tea estates turned to fuel w o o d . They also had mini-hydro power plants that generated electricity using 
69 
the hydropotential of the numerous small streams. However after independence these mini-hydro plants 
went into disuse as power from the national grid became available to these estates. 
The first major hydropower plant (26 MW) that fed the national grid was installed in the fifties. By 1990 
the total installed capacity of hydropower generation was 1007 M W with an annual energy output of 3375 
G W h in an year of average rainfall. The latest hydroelectric project - the Samana lawewa Scheme was 
to become operative in 1992 with an installed capacity of 120 MW. With an average rainfall it could 
produce 420 G W h of electrical energy. 
10.3.2. E l e c t r i c i t y d e m a n d a n d S u p p l y 
Until 1970 the d e m a n d for electricity had been comparatively low. However since 1970 the consumpt ion 
of electricity has risen rapidly. In 1981 only 14% of the vil lages had electricity. By 1990 one third of 
our vil lages had received electricity. The per centage number of households using electricity rose from 
14.9 in 1981 to 24 in 1988. 
By 1988 the largest consumer of electricity was the industrial sector. Consumpt ion of electricity in Sri 
Lanka by the different sectors is given in Figure 10.5. 
Industrial 905 
General Services 358 
Religious 12 
Domestic 392 
Street Lighting 17 
Local Authorities 601 
Hotels 85 
FURE 10.5 - ELECTRICAL ENERGY USE IN G W h (1990) 
Abundance of rainfall and the presence of mountains has contr ibuted to a high hydropower potential in 
Sri Lanka. If the rainfall is timely and adequate hydropower becomes regenerative, there should be 
sufficient water in the reservoirs throughout the year to produce power continuously. This could only be 
assured by sufficient and well distributed rainfall in the catchment areas. W h e n hydroelectric power is 
not sufficient, back up power has to be generated from thermal sources. 
10.3.3. P e t r o l e u m 
Crude oil is imported to our country and refined at the oil refinery at Sapugaskanda. It is processed to 
produce furnace oil, diesel, petrol, kerosene, aviation fuel, liquid petroleum gas (LPG), burnable gases 
and many other l iquid and solid by products. Fuel oil and by-product gases f rom Sapugaskanda oil 
refinery are used to generate electricity at the refinery itself and at the Kelanitissa power station. 
Electricity generated by burning fossil fuel, their by-products or other fuel is referred to as thermal power. 
Kelanitissa power station runs as a back up during drought periods when hydropower potential is low. 
Until 1973 petroleum products such as kerosene and furnace oil were gradually replacing fue lwood as 
a source of energy. However rising oil prices after 1973 caused a severe and continuing strain on Sri 
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Lanka's economy. Use of kerosene and fuel oil for certain industries decl ined and people began 
reverting to fuel w o o d . 
Most of the petroleum products are used for providing the energy required for transportation. Approximately 
6 0 % of the processed oil is used for this purpose. The major industries that use petroleum products are 
cement , tea, paper, steel, tyre and glass and ceramics. 
In 1982 the net fossil fuel imports rose to 47 per cent of export earnings. According to the estimates 
major sources of primary energy in Sri Lanka in 1990 was as follows: b iomass 70 per cent, petroleum 
20 per cent and hydroelectricity 10 per cent. Solar power and draught power are not included in this 
energy budget. Consumpt ion of commercial energy (hydropower and fossil fuel) by the different sectors 
was as fol lows: transport sector 54 per cent, industrial and commercia l sector 26 per cent, domest ic 
sector 17 per cent and others 3 per cent. 
10.3.4. B i o m a s s E n e r g y 
Biomass has been the main source of energy in Sri Lanka and continues to be so in the domest ic sector. 
The main petroleum products used in this sector are kerosene and Liquid Petroleum Gas (LPG). In 
1981 82.5 per cent of all housing units used kerosene for l ighting. This included 51.8 per cent of the 
urban, 89 .6% of the rural and 85.5 per cent of the estate populat ions. 
Use of Kerosene for domest ic lighting has dropped f rom approximately 82 per cent in 1981 to 76.3 per 
cent in 1988. This decline is considered to be a result of rural electrification. LPG use has increased 
considerably as it is cheaper than electricity and fuel wood in cities. 
Biomass accounts for 70 per cent of the primary energy consumed in Sri Lanka of which 87.6 per cent 
is used for the domest ic sector and the balance 12.4 per cent by industries (Figure 10.6). 
Other 4% 
Indusry 12.4% \ >^ 
• Rubber 6 % / - ^ \ 
/ \ \ \ Bakeries 8% Tea 33% \ 
Tobacco 
10% 
\ Domestic 87.6% / 
Coconut \ / 
11° 
\ ^ ^ ^ S m a l l hotels, 
Eating h o u s e s 
Brick.
 1 5 o / o 
Tilo 13% 
Total biomass fuel consumption Biomass fuel in industry 
FIGURE 10.6 - D ISTRIBUTION OF B IOMASS FUEL C O N S U M P T I O N 
Crop waste and fuel w o o d are the chief sources of biomass fuel used for domest ic purposes. Crop waste 
which constitutes about 28 per cent of the total b iomass fuel includes materials such as husks, shells, 
fallen fronds of the coconut and uprooted tea bushes. A major source of fuel w o o d is rubber w o o d (18 
per cent). The balance (54 per cent) comes from forests, waste from scrub land and private lands. The 
forest authorit ies estimate that nearly 25 per cent of domestic bio-fuel is of forest origin. Large scale 
clearing of forests under the Mahaweli scheme enabled State Timber Corporat ion to produce charcoal 
which is now available for household use and export. Charcoal fuel is smokeless and cleaner than other 
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forms of b iomass and is therefore popular among the urban community . Several models of inexpensive 
charcoal cookers are available in the market. 
Industry generally uses hard w o o d with a high heat content as biomass fuel. Of the total b iomass fuel 
used in industry, 49 per cent is rubber wood and 35 per cent natural forest wood . The balance is acquired 
f rom forest plantations, h o m e gardens, estate cuttings and a small portion from crop wastes, especially 
paddy husk and bagasse. 
Consider ing the cleanliness and convenience of cooking with LPG, most of middle class urban dwellers 
prefer cooking with gas. Figure 10.7 shows the consumption of biomass supplies in different agro-ecological 
zones. 
Sri Lanka 
Colombo 
Zone Boundary 
5.6% 
15.9% 
Zone 1 
(Dry Low lands) 
Zone 2 
(Upcountry, Tea) 
Zone 
(Coconut) 
Batticaloa 
All island 
HjUH Rubber wood 
50 
1 1 
Crop Wastes 
Other Fuelwood 
FIGURE 10.7 B I O M A S S FUEL SURVEY - A G R O - E C O L O G I C A L Z O N E S A N D P E R C E N T A G E 
C O M P O S I T I O N OF B IOMASS FUEL T Y P E S USED IN EACH Z O N E 
Sri Lanka presently has no overall shortage of biomass fuel. Localized and random deficits occur in 
Co lombo and the hill country. Fuelwood that is illegally gathered on a large scale from natural forests 
poses a national t h r e a f b e c a u s e it tends to degrade forests. As the populat ion increases the land used 
for cult ivation and urbanization will continue to rise. As a consequence there would occur a decrease in 
fuel w o o d resources. There are some signs that this is already occurring. Rubber plantations during 
replanting provide a substantial proportion of fuelwood needs. Chemical ly treated rubber w o o d is now 
being used to an increasing extent in the furniture industry. In t ime this could mean a considerable 
reduction in the rubber-wood available as an energy source. 
The quantity of fuel w o o d used for domestic cooking could be substantially reduced if the efficiency of 
cooking stove could be increased. Many rural households will continue to use the 3 stone hearth for 
cooking. This is highly inefficient, as far as the energy use is concerned. A number of energy efficient 
fuel w o o d stoves are now available (Figure 10.8). Only about 7 per cent of the energy contained in the 
fuel w o o d is available as useful energy when cooking is done on the 3 stone hearth. It is therefore 
urgently necessary to popularise a more energy efficient cooking stove among the rural populat ion. This 
will help to cut d o w n fuel w o o d consumpt ion. Furthermore the habit of cult ivating fuel w o o d forests as 
well as fuel w o o d trees in home gardens should be greatly encouraged. It is necessary to increase the 
use of fuel efficient stoves. 
10 .3 .5. F u t u r e p r o s p e c t s 
Sri Lanka has tapped all its major hydropower resources. For the future it is possible to develop medium, 
small and mini hydro-resources. Thermal power generation and other options too need to be considered. 
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F G U R E 10.8 - ENERGY EFFICIENT C O O K I N G S T O V E S 
Thermal power generation will have to use coal, diesel or oil. The use of coal and oil have 
environmental consequences especially with increased C 0 2 emission. One alternative for the immediate 
future is to increase the generating capacity of existing hydropower systems. It is also essential to apply 
energy conservat ion measures to effect savings in consumpt ion of electricity. Wind energy which is 
rapidly becoming financially viable has also to be looked at seriously in the Sri Lankan context. 
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I 
S E C T I O N m 
I M P A C T O F M A N 
n the Chapters in Section 11 we have described the natural resource base 
H that exists in the world today and also the part of this resource base that 
M is present in Sri Lanka. In this section we will learn how man became 
2 part of the living systems of the earth and. how for a, long part of his 
existence he lived, in harmony with nature. We luill then see how xuith the 
progress of human civilimtion, mankind has moved, away from nature, very 
gradually at first and. with increasing-rapidity more recently. We have nozv 
arrived at the point where human activity is threatening the continued, existence 
of the environmental conditions which are essential for human survival. 
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C H A P T E R 1 1 
H U N T E R , G A T H E R E R A N D F A R M E R 
The immediate ancestors of modern man appeared on earth over one million years ago. Like every 
other species in the biosphere man too interacted with the environment in all his activities. 
He lived, at first, as a hunter-gatherer. The environment gave him air, water and food. He released 
into the environment nitrogenous waste in the form of urine and undigested material as faeces. Parts of the 
food material that he gathered or hunted which could not be consumed were thrown back into the surroundings. 
These materials included the skins and bones of animals, twigs and leaves and non-edible parts of fruits and 
seeds. The environment also provided man with living space and shelter. Branches of trees and large leaves 
were used to make temporary shelters and small areas cleared up for living space. At a later stage, after he 
discovered the use of fire he may have used fire to clean forested patches for living space and to drive animals 
as a method for hunt ing. 
For a greater part of the past million years man lived in this manner as a hunter-gatherer. This m o d e 
of life required relatively large areas of land for support ing a small number of individuals. During this period 
he lived in small groups moving about in a given area or territory. 
Conflict has been a feature of the human species from very early t imes because of the need of each 
small group to defend its territory. The survival of each group depended on the strength and number of its 
defenders. There was always the danger of close inbreeding within these small groups i.e closely related 
persons kept on mating with each other and producing chi ldren. Interestingly enough it was inter group conflict 
which helped to solve this problem. Groups raided one another and the victorious group often killed the males 
but brought back the w o m e n . In this manner new hereditary material (ie. genes) were imported into the group, 
reducing the ill effects of in-breeding. 
Primitive hunter - gatherers were not able to collect and store large quantit ies of food for long periods 
of t ime. Meat from the hunt had to be eaten within a few days. Fruits and tubers too had to be consumed 
within a short period. They had neither the technology nor the storage facilities to store food for any length of 
t ime. 
Populations remained small and showed little or no increase over very long periods of t ime. There 
were many reasons for this. The availability of food was often l imited. Prey for the hunt would not have been 
available regularly. The amount of food available for gathering too would have varied. There was always 
danger around from other human groups and from the attacks of predatory animals. Many would have 
succumbed to diseases, especially infants and mothers as there were no means of controll ing diseases. 
Throughout the period that man was a hunter-gatherer life expectancy would have been low, around 20 years 
not very different f rom that of the large apes (chimpanzees and goril las). 
As a hunter-gatherer man gradually developed his skill as a tool-user and tool-maker. No other animal 
species makes tools though a few examples of use of available objects as tools, in a limited way, are known. 
The ability to make tools and to use them extensively sets man apart completely f rom all other animal species. 
At first, he did only what the monkeys and apes do today. He threw stones and sticks and objects around 
him at his enemies. Later on he may have carried around with him a collection of suitable objects for throwing 
- something that monkeys and apes do not do. 
Later on he began to make tools out of natural objects. Making of tools began quite early in human 
history. The first tools were made by striking away flakes from stones and using the cores as hand axes, 
hammers and knives. Later on better tools were produced by chipping and flaking thus producing sharper 
cutting edges. Later still the flakes themselves were fashioned into more efficient tools of various shapes and 
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sizes. The various stages in tool development are described as various cultures belonging to Paleolithic, 
Mesolithic and Neolithic t imes. 
The skins and bones of animals hunted were thrown away at first. Later on skins came to be used 
as covering and later made into clothing. Bones began to be used in the making of tools. Hunting technology 
developed with the production of spears, bows and arrows. Bone was used to fashion arrow heads and spear 
heads. 
The hunter-gatherer groups had to live within easy reach of water. It was natural that his hunting 
instincts should be extended to the catching and trapping of f ish. Fishing with hooks and by the different types 
of traps was developed. Traps made out of flexible vines and branches were also used to trap prey on land. 
Early man also may have used fire to chase his prey towards traps. It is thought that the first episodes 
of deforestat ion were associated with fires caused for hunting, and that such fires destroyed extensive areas 
of forests. Such deforestat ion could be considered as one of man's first conflicts with the environment which 
had a major impact on it. 
Man learnt to produce fire about 700,000 years ago. Sparks were produced by striking flints together 
and the sparks used for starting fires. Fire provided primitive man with a very powerful tool . He was able to 
use fire in many ways, such as for cooking food, making it more tasty and easier to swallow: Keeping warm 
during the cold weather and also for protection from animals. Most animal species are afraid of fire: Hunting 
by chasing out animals into the open, by burning the forest cover are some examples. 
In the early part of his history man lived on grasslands on the fringes of forests. During the last million 
years major climatic changes associated with the ice age took place. There were periods of warming and 
cool ing. Changes took place in vegetation and in the animal populations. Many small animals disappeared. 
Large animals like the wooly m a m m o t h moved in. To survive the cold, human groups sought the shelter of 
caves. Caves naturally retain more heat than the open country. Using fire for warmth, and skins for covering, 
man was able to live through the ice-ages. Neanderthal man lived in this manner. 
As a hunter, man killed a number of species of animals for food. Some animal species fol lowed him 
to scavenge on the remains of kills, as do foxes and hyaenas today. The ancestors of the dog must have been 
early associates of human groups. Certain docile vegetable feeders such as cattle, goats lived on the 
grasslands along with man. Man derived part of his food f rom such animals. The animals benefited from their 
associat ion with man . The dog derived food and security while the man benefited because the dog warned him 
of danger, protected him and helped him to hunt. He also used the dog as food, a practice which still prevails 
in the Far East. The efficiency of hunting would have been increased considerably by the use of dogs for 
tracking, f lushing out and blocking the prey. As a consequence the amount of food animals took out of the 
environment would have increased. Cattle and goats provided meat and milk on a casual basis at first and in 
an organised manner later. 
Man's association with cattle and goats gradually led to the practice of herding and some hunter-gatherers 
became herdsmen in part or totally. Natural herds of cattle keep moving continually from place to place. Their 
grazing activities and their numbers do not degrade the environment. There is usually enough time for a plot 
of grass to recover before being grazed again. The natural intensity of grazing was controlled because numbers 
were kept stable by predators. 
Man began to change the picture. He brought them under his protection and control . He learnt to 
breed them and increase their numbers. His dogs protected and controlled the herds. The number of cattle 
owned was an insurance against food shortages. Later on it was considered as a measure of r ichness. Herds 
were used to pay birde price in buying brides. 
The environmental impacts of the herdsman was more intense than those of the hunter-gatherer. The 
herds had to be maintained in a limited area. Grazing was more intense than in the natural state, resulting in 
the removal of soil cover and disturbance of soil. Exposed topsoil without adequate grass cover gets blown 
away by wind or is carried away by water. These adverse effects were mitigated by herdsman moving his herds 
f rom place to place fol lowing the rains and the new grass. However, the environmental damage of the 
herdsman was certainly greater than that of the hunter-gatherer. 
The practice of herding was the first human activity, other than the use of fire, that led to degradation 
of the environment on a measurable scale. There are communit ies in Africa and Asia that still practice herding 
under similar condit ions. Their activities have cont inued to degrade the environment. In years of drought the 
little grass that is available is intensely grazed. The soil is exposed to intense erosion. Cont inued erosion 
degrades the land to such an extent that it is unable to support any vegetat ion, leading to desertif ication. 
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Having traced the changes that must have occurred in human history over a period of about a million 
years it is clear that through this long period he lived in close harmony with nature. 
1 . His needs were few and limited mainly to the essentials that supported life and ensured survival . He 
did not extract materials beyond his immediate needs nor did he release any unnatural materials into the 
environment. 
2. As a gatherer he moved from place to place. In gathering of fruits, and berries, insects and small animals 
he only carried out the feeding functions of his own ecological niche in the ecosystem of which he was 
a natural component . He was like any other omnivore in the system. 
3. The size of the human population remained small with a very slow rate of growth, if any. Primitive man 
lived in Africa, India, Asia including China and did not enter Europe until relatively recent t imes. 
Cro-Magnon man is known f rom Europe about 30,000 years ago. 
4. Whi le his tools became more diversified special ised and efficient, he did not transform his environment 
to any great extent. He would have cut down trees and hunted with spear and bow and arrow but none 
of these activities threatened entire species or destroyed habitats. 
5. The use of fire was the first major transforming factor for the environment. Once started, a fire could 
not be easily control led. The objective of creating a fire would have been a limited one but the 
consequences might have been very great. 
6. The appearance of pottery early on is indicative of the development of a limited storage capacity for 
materials. Baskets too were woven for the same purpose. Skins were used early for clothing and barks 
of trees beaten into usable materials. However, none of these activities were extensive enough to cause 
any real damage to the environment. 
7. Burial sites and artifacts and paintings indicate the development of belief in after life and in supernatural 
forces. Natural phenomena and objects that could not be understood were feared and worshipped. 
Thunder and lightning, falling water, large trees, and dense forests with their demons were objects of 
worship and of fear. Because primitive man feared nature in this manner the natural environment 
remained free from intervention and destruction. 
Between 10,000 and 8.000 years ago a major change took place in man's mode of living. Instead of 
moving from place to place gathering grain and fruit for food he began to grow his own food. From being a 
hunter-gatherer he became a farmer. The origin and spread of farming is illustrated in Figure 11 .1 . 
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FIGURE 11.1 - THE S P R E A D OF FARMING 
This was no sudden transit ion. It began probably with the accidental sprout ing, growth and production 
of some of the wild grains that he may have gathered for food. Intentional planting in little plots would have 
fol lowed. W h e n it was found that this could be done repeatedly and gave an assured and predictable supply 
of food, without the effort of wander ing and gathering, it would have been practised more often. For many years 
primitive farming would have been prasticed while hunting and gathering cont inued. Hunting would have 
provided the necessary meat, skin and bones. 
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The practice of farming and its spread, referred to. as the Agricultural Revolution led to many changes in human 
social structure. It also increased man's impact on the environment greatly. After having been for so long an 
insignificant part of the natural wor ld, his power to alter the non-l iving as well as the living environment began 
to increase. In a relatively short period of about 8000 years he gained dominance over the environment and 
his activities have led to its degradat ion. Some of the major changes and impacts brought about by the 
Agricultural Revolution were the fol lowing: 
1. Natural habitats were transformed by clearing to provide open space for the planting of crops. Slash and 
burn techniques (cutting down of trees and burning) would have been used. Similar slash and burn 
techniques persist today in many parts of the world including our own country. 
2. W h e n grain crops were planted the soil would have become infertile after 2 or 3 years. The farmer had 
to move on and clear new land for farming. Where the soil was fertile perennial crops like figs and 
grapes were planted and the farmer was more settled. 
3. Because agricultural plots had to be cared for and tended, land which once was c o m m o n to man and 
nature began to be owned by groups of human beings. Changes in social organisat ion took place. With 
claims of ownership conflicts began to develop. 
4. Permanent shelters and sett lements began to appear, in associat ion with farming plots. The herdsmen 
lived mostly in tents and temporary huts, because he had to keep moving with the herds. The farmer 
had to tend his crops. He had more permanent houses of bricks and clay. Houses were grouped 
together for security and in close proximity to the crops which had to be harvested and tended. 
Natural habitats were cleared not only for planting crops but also for building houses. Clay for bricks 
was extracted from the ground bringing about further change in the environment. 
5. For the first t ime in the long history of man the population size began to grow and the rate of growth 
too increased gradually. This marks the beginning of a major point of difference between man and every 
other animal species. The population size of other species vary about a mean number. This number 
is control led by natural forces of the environment including food availability and competi t ion. The ability 
to produce food rather to gather it removed the limitations that food availability placed on populat ion size. 
Following the Agricultural Revolution human populations have continued to increase over approximately 
8000 years. No other species on earth has ever shown such growth. 
6. As populat ion grew man had to take more out of the environment and began to store and to transport 
materials. The balance of nature began to be disturbed in many ways. 
7. This unnatural increase in human population was brought about and supported of unnatural means by 
product ion. Until now the species was maintained by what nature could give it. Availability of food and 
space determined the m a x i m u m number of a species that could survive in a given area - the 'carrying 
capacity' . Once man took over the production system from nature he took away this limitation. The 
populat ion size was now limited mainly by what he could produce. Production capacity grew as he 
improved his technology and so the population grew as well . 
8. There were certain other changes that al lowed population growth. Supply of food and its quantity were 
much surer than in the hunter - gatherer stage. Settled locations meant also that security was better 
and that there was less loss of life due to animal attack. W o m e n had more t ime to tend children and 
perhaps to teach them. 
9. The establ ishment of sett lements and the increase in numbers in any one group made necessary the 
development of central organisation and control within the group. Leaders, witch doctors and priests 
became part of the social structure. 
The first agricultural sett lements are believed to have appeared along the banks of the Euphrates and 
Tigris rivers, in what has come to be known as the 'fertile crescent' (Figure 11.2). This is a ribbon of land that 
runs west along the Mediterranean through present day Palestine and Syria then east and south fol lowing the 
Euphrates and Tigris down to the Persian Gulf. In the Tigris and Euphrates valleys, in the course of t ime a 
system of irrigation also developed. A imed at increasing production, the irrigation systems changed natural land 
form and the water availability pattern. The civilizations of the Euphrates and Tigris after f lourishing for some 
time d isappeared. It is bel ieved that bad water management led to the deterioration of farmlands and the 
col lapse of the civil ization. 
With settled agriculture, animals were also domest icated. The practice begun by herdsman was also 
taken up by the farmer in addition to planting crops. The plough was one of the major technological advances 
of the agricultural revolution. Domest icated cattle were used to plough fields. Cattle and goats, horses and 
donkeys, pigs, and poultry became part of the agricultural sett lements. 
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The agricultural revolution was a major human advance. However it had many adverse impacts on 
the environment, which have contr ibuted to destruction of environment. In ancient t imes the impacts of 
agriculture included deforestat ion, soil erosion and salinisation. Today the chemical pollution by agrochemicals , 
and the impacts of large scale monoculture, have contributed to the environmental crisis, which we face in the 
closing decade of the twentieth century. 
THE FERTILE CRESENT 
Source - Arthur S. Gregor "The Advanture ot Man" - 1966 p.113 
FIGURE 11.2 - The Fertile Cresent 
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C H A P T E R 12 
URBANIZATION 
12.1. THE TRANSITION FROM VILLAGE TO URBAN CENTRE 
The practice of Agriculture spread to many parts of the Earth. As the agricultural revolution progressed 
techniques improved, crops were added and populations grew. 
Centres of populat ion were agricultural villages which were not very different f rom the countryside and 
did not grow very large. In many cases there were protective structures built around the concentrat ion 
of dwell ings separat ing them from adjacent fields. 
In the course of t ime the agricultural village began to produce more than it could consume. It was not 
necessary for everyone in the village to engage in agricultural activities. In this way increasing numbers 
were freed f rom agriculture related activities and could take up new activities. The freeing of a part of 
the communi ty f rom agricultural persuits was the first step towards urbanizat ion. 
To begin with, some persons began to take up pursuits like pottery and weaving. New tools were 
developed and a new breed of craftsmen appeared. The production unit remained the family unit in the 
vil lage. Activities centred around raw material that was available nearby. The products were consumed 
mostly within the communi ty . There was time for leisure, to develop new skills to think and also engage 
in largely cultural activities. In this manner gradually division of labour came to be accepted as the social 
norm. 
The move towards urbanization was a move away from the agricultural centre. It is easy to see why 
migration began. Firstly there was increase in populat ion in each village and the consequent pressure 
for living space and cultivable land. Secondly a part of the communi ty was freed from agriculture. They 
were no longer needed. Thirdly there was a need to find materials for new activities and markets for 
excess produce, both of agriculture and of new pursuits. 
In this way the first urban centres arose. To begin with they were little different from the agricultural 
vil lages of the past. They were supplied with food from outlying production centres and their waste went 
back to the countryside. Transport was by means of animals such as horses and donkeys. Roads would 
have been rudimentary. As the populat ions were small primitive forms of transportat ion could adequately 
handle the supply of food. 
12.2 THE FIRST CITIES 
Just as the practice of agriculture c o m m e n c e d along the Euphrates and Tigris the first cities too appeared 
there. Between 4000 and 3000 BC, some 5000 years after the beginning of the agricultural revolution, 
the first cities are bel ieved to have appeared. These developed into the Sumar ian city states such as 
Ur, Erech, and Larsa. 
The populat ions of these cites were much larger than those of the agricultural vi l lages. The concentrat ion 
of more and more people in small areas was a major feature of urbanization and one that began to have 
growing environmental consequences. The physical form of the city became quite different from that of 
the agricultural vil lage. It was usually encircled by a defensive wall . Different classes of buildings were 
al located to the different classes of society which had now appeared - the priests, the ruling group, the 
soldiers and the craf tsmen. 
The natural habitat was increasingly t ransformed within the city. Grass and soil came to be replaced 
by paving and gravel . Trees and other vegetation were replaced-by buildings. Food and water had to 
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be brought in from outside and waste materials either accumulated or were deposited outside the city 
walls. 
These first cities rose, prospered, decl ined and dissappeared. In their development they created artificial 
structures and artificial means of supporting a civilised style of life. However, the very transformations 
that they brought about to the surroundings laid the foundation for their destruction. The city was a fragile 
system dependent on the countryside. As the surroundings gradually became unsuitable for agriculture, 
supplies had to be brought from further and further afield. The system often col lapsed. There would 
of course have been a range of other contributory causes including wars and disease that led to their 
final col lapse. 
12.3 T H E E X P A N S I O N OF CITIES 
Further development of urbanization was dependent on the development of better ways of transportat ion. 
Single animals and poor roads could cover only very limited distances and poor roads made movement 
difficult. The development of transport by water was a major step forward. Boats and ships, harbours 
and water fronts, store houses for forwarding goods and for goods received, all these developed. Better 
roads were built for internal transportation on land and the use of carts and carriages was developed. 
In all of these developments were inbuilt factors that contributed to environmental transformation and 
degradat ion. Where once the water was pure, the harbour front became polluted with wastes and 
garbage. The developing network of roads had its own effect on the surroundings. They were still not 
major effects but they were fore-runners of the changes that cont inued urbanization would bring. 
Transportat ion by waterways and roads permitted the great expansion of cities and of their populat ions. 
Supplies could be brought in from far away and produce transported and marketed. Large numbers 
could be supported, living in small areas. When Rome first developed it was dependent on produce 
c a m e f r o m the i m m e d i a t e s u r r o u n d i n g s . At later s t a g e s in its h is tory its s u p p l i e s c a m e f r o m far a w a y 
p l a c e s in A f r i c a a n d in A s i a , t h r o u g h the great t rade routes over land a n d s e a . R o m e b e c a m e one of 
the f e w c i t i es of that t ime w h o s e p o p u l a t i o n r e a c h e d one m i l l i o n . 
Migration f rom rural areas was the most important factor which contr ibuted to the growth of urban 
populat ion. The gradual improvement of agricultural technology, changes in land ownership, the 
cont inued release of persons from agriculture related occupations, freed increasing numbers of rural folk 
to join the urbanward migrat ion. The diverse new opportunit ies offered by the urban centres and the 
possibility of increased income attracted people away from rural areas. In the course of t ime, the 
availability of space and infrastructure in urban centres was outstripped by increasing populat ion. This 
led to the appearance of shanty sett lements and slum condit ions which became part of the urban 
environment and continues to loom large in the cities of today. 
The growth of urbanization was accompanied by the expansion of commerce and trade. This was made 
possible by the development of major overland trade routes and transport over seas by sailing ships. By 
the 16th and 17th centuries major market and commercia l centres had developed. Goods originating 
in var ious parts of the known world of those t imes were transported and made available in other parts 
of the world where they would normally have not been available. Thus while production of goods was 
limited by environmental factors their consumption and distribution was not so l imited. Long range 
transportat ion between different environmental systems al lowed for the crossing not only of goods but 
also of undesirables such as diseases and pests and parasites. In another chapter we have explained 
the consequences of disease transmission to the new world. Here we refer briefly to the spread of pests. 
Rats are world wide in distribution moving easily with food shipments. The same applies to cockroaches. 
As a specific example of the introduction of a pest through trade and commerce we may refer to the 
coconut beetle (Promecotheca cumingi) in our own country. The pest was first recorded in Sri Lanka 
in 1970 and caused extensive damage in Colombo, Galle and in parts of the coconut triangle. Such 
newly introduced pests due to lack of natural controls undergo explosive growth. This is what happened. 
The beetle was finally brought under control by introduction of its natural predators into the island from 
the country where the pest originated. 
The fact that major environmental and social changes have resulted from travel, trade and commerce 
is vividly il lustrated by Colombus's voyage of discovery. The potato is a plant of South Amer ican origin. 
Before Co lombus the potato was unknown in Europe and the British isles. After Co lombus it rapidly 
became the staple of all European peoples. Planted and consumed extensively, in quantity, it became 
a major monoculture crop in many parts. The dangers of monoculture of which we are now aware were 
dramatical ly il lustrated by the Irish Potato Famine of 1845-1860. During this period one million Irish 
people died of starvation and one and half million emigrated to North America. The famine fol lowed 
destruction of the crop by a parasitic fungus known as the 'late blight' (Phytophthora infestans). There 
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was no remedy and no means of control and it wreaked havoc. 
12.4. T H E S P R E A D OF U R B A N I Z A T I O N 
The tide of urbanization progressed and spread gradually over the various parts of the wor ld . Before 
the 19th century there were occasional cities in China and Japan (Edo the fore-runner of Tokyo) which 
may have reached a population of one mill ion. We have already referred to Rome. Most of these were 
located on or near estuaries and river courses and were centres of c o m m e r c e and trade. 
In the mid 18th century the beginning of the Industrial Revolution accelerated greatly the progress of 
urbanizat ion. In the next chapter we will look at the changes brought about by the industrial ization and 
some of its consequences. Here we will analyse those aspects related to the spread and growth of 
urbanizat ion. 
In 1801 in England and Wales had only about hundred urban centres which boasted of a populat ion of 
over five thousand. This urban population accounted for 26 per cent of the country's total populat ion. 
By 1851 there were 265 such urban centres that accounted for 45 per cent of the total populat ion. In 
1891 the number of cities were 622 and the proportion of the populat ion 68 per cent. Parallel 
developments took place in Europe and the United States. By 1970 64 per cent of the populat ion of 
Europe was urban. In the United States in 1800 only 6.1 per cent was urban while by 1970 the 
proport ion had risen to 73.5 per cent. The spread of industrialization into the developing world was slow 
and this is reflected also in the rate of urbanization. In 1970 East Asia was 3 0 % urban, South Asia 2 1 % 
and Africa 22%. 
The rapid progress of industrialization has been associated with the phenomenal growth of cities and of 
their populat ions. At the turn of this century there were only 16 cities, wor ldwide, which had populations 
of one million or more. By 1990, 276 cities had not only reached that number but also exceeded it. 
Some major cities have populations of over 6 million and their growth between 1970 and 1985 seems 
to give us an idea of the magnitude and rapidity of growth in the latter half of the 20th century (Table 
12.1). 
Some of the Population (Million) Projected 
biggest cities 1970 1985 growth in % 
New York 16.3 18.8 15 
Tokyo 14.9 25.2 69 
London 10.5 11.1 06 
Shanghai 10.0 14.3 43 
Paris 8.4 10.9 30 
Los Angeles 8.4 13.7 63 
Buenos Aires 8.4 11.7 39 
Mexico city 8.4 17.9 113 
Osaka 7.6 11.8 55 
Moscow 7.1 8.0 13 
Peking 7.0 12.0 71 
Calcutta 6.9 12.1 75 
Rio de Janeiro 6.8 11.4 68 
T A B L E 12.1 G R O W T H OF THE W O R L D CITIES 1970 - 1985 
12.5. S L U M S A N D S H A N T I E S 
The growth of urban populations has been so rapid, that numbers of people have far outstr ipped the 
ability of the urban environment to provide adequate space and infrastructure. As a result around most 
c rowded cities of today, s lums and shanties have sprung up. These communi t ies , wherever they are 
found, have certain c o m m o n features. These include overcrowding, shelters that are makeshift and 
unhygienic, lack of clean water, lack of adequate sanitary facilities, and ugly unclean living environments. 
Families in these sett lements tend to be large and the level of nutrition poor. The main advantage that 
inhabitants have in living in these shanties is easy access to places of employment and low cost. 
Large numbers of s lum and shanty sett lements are found in all developing countr ies. They are also found 
in many of the major urban centres of the developed world as well . Urban centres often lie on estuaries 
a n d sea fronts and a long major river systems. Because of the need for some sort of water supply, shanty 
sett lements tend to spring up along the banks of estuaries, rivers and canal systems. However the 
activities of inhabitants, including the building of shanties, the disposal of garbage and sewage into the 
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water block the free f low of water ways and degrade the environment. 
It is est imated that in the city of Colombo about 50 per cent of the populat ion live in shanties. The 
activities of the shanty populat ion have led to the blocking up of the canal systems of the city and has 
led to very serious pollution of these water ways including Beira Lake. The pollution of the lake itself 
is aggravated by effluents that come f rom certain industries located near the lake. The Polluted condit ion 
of the Beira lake is a good example of the ill effects that urban over pollution can cause towards 
degradat ion of the environment (Box 4) 
In a number of places shanty sett lements tend to come up in urban fringes and especially in relation to 
factory sites. W h e n such sett lements are located near factories that use or produce dangerous 
chemicals consequences are disastrous. The world's largest ever industrial accident which occured in 
Bhopal in India is a good example. A large Union Carbide factory was operating in Bhopal using methyl 
isocyanate a dangerous poison, in the production of pesticides. According to industrial regulations 
human habitation should not have been permitted within a designated distance f rom the factory. Neither 
the company nor the local authority enforced these regulations and a huge shanty population grew 
immediately outside the factory walls. When the accident occurred methyl isocyanate escaped into the 
a tmosphere killing more than 2000 people and injuring more than 150,000. 
BOX 4 
BEIRA LAKE 
E X A M P L E OF U R B A N P O L L U T I O N 
The Beira lake had been or iginal ly d e v e l o p e d by the Porfug uese in connec t ion 
with the fortification of the city Fort. In the Dutch period the lake was extended 
and integrated into a system of canals (Figure 12.1). 
The lake is 67.6 hectares in extent. The water in the lake is kept at 6 ft. above 
mean sea level. 
Early in the British period the entire Colombo canal net work and the Beira Lake 
were a c lean integrated system used for navigation. It fell into d isuse and the 
rapidly growing city used it as a natural drainage outlet. 
It receives city waste from an extensive catchment of 767 hectares and hundreds 
of outfalls small and big. 
The lake receives sewage, industrial pollutants and garbage. Shanty populations 
settled on its banks. Algal b looms caused by the blue green alga M i c r o c y s t i s 
occur regularly each year during the dry months creating offensive smells and 
causing fish kills due to de-oxygenat ion. Increased concentrat ions of nutrients, 
especially phosphates cause this eutrophication. 
Beira lake serves as a fine example of eutrophication. The water body which 
was once ornamental is today one of Sri Lanka's most polluted bodies of water. 
12.6. THE SOLID W A S T E P R O B L E M 
W e have noted that cities should be able to supply their people all the water they need and take away 
sewage in addit ion to providing the needs of everyday living. Another major problem of urban centres 
is the disposal of solid waste. The problem is even greater in industrial centres. Because of the style 
of life in developed countries, and in developed parts of poorer countries, there has been a phenomenal 
increase in the quantity of domestic solid waste produced by each person. Figure 12.2 shows the 
composi t ion of solid waste produced per person in the US. 
The collection and disposal of solid waste is one of the major functions of urban authorit ies. Some of 
the materials now used in the 'throw away society' include non-biodegradable plastic bags and containers. 
Plastics are a new form of industrial chemicals for which the natural wor ld and its array of decomposers 
have yet to find a solut ion. 
It is possible that at some time in the future mutation and adaptat ion may produce microorganisms 
capable of handling the new material created by man. For the moment , their disposal is a major problem. 
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F I G U R E 12.1 - B E I R A L A K E 
In developed societies various methods are employed in disposal of solid waste. A major part goes into 
sanitary landfills. Environmental consciousness has led to organised programmes for recycling 
as much as possible of the waste. C o m p o s t i n g too is beginning to be prasticed by individual house 
holds. A part of the solid waste is incinerated. 
Solid waste , both domest ic and industrial, in the city of Colombo was 470 tons per day in 1992. The 
only method now in practice in Colombo is the use of landfills for waste disposal . These are usually low 
lying areas of no immediate use and importance where the garbage is off loaded and spread and then 
covered over with soil. Properly identified and managed sanitary landfills in the course of t ime can be 
converted into a useful piece of land. New York's Kennedy International Air Port is partially built in such 
a land fill. 
In our own country the problem of solid waste collection and disposal has become quite severe in 
recent years. Garbage accumulates in various parts of the city somet imes for days and weeks. 
Similarly land fills identified and used earlier can no longer accommodate more garbage and identifying 
new sites is not an easy thing because of neighbourhood resistance and the lack of land in a country 
in which the land mass ratio has already been exceeded. 
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FIGURE 12.2 - COMPOSITION OF DAILY URBAN SOLID WASTE OF A TYPICAL AMERICAN 
The problem of solid waste is a world wide problem and is becoming acute in the developed countries 
as well. For many years before the unification of East and West Germany, West Germany was regularly 
using disposal sites in East Germany paying in hard currency for the facility. In many countries of the 
world solid waste is transported away from the site of its production for disposal quite far away creating 
conflicts between communities even though they belong to the same country. 
It is clear from the above account that the advance of civilization leading to urban centres and urban 
activities have added greatly to the conflict between man and nature. In the previous chapter we 
described the major environmental impacts of the agricultural revolution. While agriculture itself has kept 
expanding and degrading the environment, urbanization has added many new dimensions to man's 
impact on natural systems. 
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C H A P T E R 13 
INDUSTRIALIZATION 
13.1 . THE INDUSTRIAL REVOLUTION 
The Industrial Revolut ion which is d iscussed in this Chapter has been descr ibed as the most significant 
cultural change that has ever taken place in the history of the human race. The changes that took place 
since its beginning, about 200 years ago altered the structure of human society, radically, and changed 
almost every aspect of life and the living condit ions of man. The industrial revolution has also had very 
large scale impacts on the environment. 
It is of interest to note that the whole process of change began with a few key inventions, relating to the 
production of textiles and of iron. Textiles had been produced for a long time in cottages and houses. 
Iron too had been used since the Iron Age began. The inventions .however, made possible major and 
rapid advances, in the speed of production and in the quantit ies produced. 
The flying wheel (1743), the spinning jenny (1767), and the power loom (1787), were the key inventions 
in the textile industry. The coking of coal (1735), and the use of coke in blast furnaces (1740), were key 
inventions in the Iron Industry. Until that time the smelt ing of iron had been done using charcoal . It is 
stated that England was virtually deforested, at that t ime, to provide fuel for the smelt ing of iron. As we 
have seen earlier as well , deforestation has been a major environmental impact of man from his earliest 
days. 
Both the iron and textile industries underwent enormous growth with the introduction of the new 
inventions. Substantial reduction in costs of product ion were possible and goods became cheaper and 
more easily available. 
The key inventions referred to above took place in England and the Industrial Revolution began and first 
spread in that country. Also in England, the steam engine was invented in 1769. In course of t ime, this 
revolutionized transportat ion by land and by sea. 
Industrialization spread from England to the rest of Europe a n d gradually to the other parts of the world. 
It was slow in moving into the countries of Asia, Africa and South America. These remained for a long 
t ime as mainly agricultural societies and served as sources of raw materials for the industrial ized world. 
Countries that became industrialized became rich while those that did not remained relatively poor. As 
a result, today, we recognise some countries as Developed countries and others, as Developing 
countries and yet others as Least Developed countries. Many of the countries of the Western Hemisphere 
and the North belong to the first category, while many countries in Latin Amer ica, Africa in the South, 
and the countries of Asia belong to the latter two categories. 
13.2 INDUSTRIALIZATION AND SOCIAL TRANSFORMATION 
In the pre-industrial society the household was the unit of product ion, whether in agriculture or in other 
early enterprises such as pottery and weaving. This was so for many thousands of years. 
With industrialization the unit of production became the factory. People who worked in small family 
groups were now brought together in large numbers in factories. The new product ion unit and the new 
technologies created different types of work and led to a degree of division of labour, never known 
before. To begin with there were 2 categories the owner and the worker. As various types of skills were 
required, workers became skilled in diverse ways. Some cont inued to remain unski l led. As the scale 
of production increased managers and supervisors and other ranks appeared between the owner on the 
one hand and the unskil led worker on the other. In this manner, many changes took place in the social 
89 
structure and relationships, wherever, industries developed. 
As industrialization progressed a new array of service industries developed to provide the support 
services required for the industries and for the marketing of their products. Service industries added to 
social change and to income generat ion. As a result of the effects of all these changes social structure, 
human inter-relationships, production and consumption patterns changed drastically. More changes 
have taken place in the last two hundred and fifty years than over the million or half a million years that 
preceded the industrial revolution. For the environment the consequences of these changes have 
been serious. 
13.3 INDUSTRIALIZATION AND POPULATION GROWTH 
Industrialization led to the concentrat ion of people in industrial cities. It also led to an explosive growth 
of the h u m a n populat ion. For many thousands of years the rate of populat ion growth had remained 
relatively smal l . Now, the rate of growth accelerated rapidly. The details of this change have been 
discussed in the chapter on populations. We need only recall here that better food and nutrit ion, 
improved health care, advances in medical services and disease control all helped to bring down the 
death rate sharply while birth rate remained high creating a high rate of population growth. This high 
rate of growth has led to us to expect a global population of about 6 billion, by the end of the century. 
13.4 INDUSTRY, SCIENCE AND TECHNOLOGY 
The rapid growth of industrialization and of industrial societies has been driven by a series of rapid 
advances in Science and Technology. These have contributed to increasing the efficiency of production, 
the procuring of raw materials, the distribution of products and the development of new goods in relation 
to new needs. Science and Technology created machines and industries became machine- industr ies 
geared to mass product ion. The invention of the internal combust ion engine revolutionized transport 
which was further expanded by the invention of the aeroplane and later the jet engine. More recently 
the transistor and the computer, have made major technological contributions. Computer Aided Design 
and Computer Aided Manufacture (CAD/CAM) have begun to reduce the labour force on the factory floor. 
Robots are tending to take over the jobs once done by many workers upsett ing, once again the social 
structure. 
13.5 THE CONSUMER SOCIETY 
Industrialization has created a society whose way of life has come a long way from one that struggled 
to find the essentials required for basic living. Society now demands many additional material and 
cultural features. Increase in income has led to reduced labour and increased leisure, demand for 
entertainment, products that create conditions of comfort and luxury and materials that increase the 
beauty of the surroundings. Industry creates new needs and demands and then expands in order to 
supply those demands and needs. 
This upward trend of production and consumpt ion requires and consumes increasing quantit ies of energy 
and of raw materials. These ever increasing demands are taking place against a background of energy 
and raw material resources that, at this point in t ime, are finite. 
At present, there are true broad views of what could take place in the future. Some scientists believe 
that new technologies will help man to find and use now untapped resources that are below the surface 
of the earth. Industrial expansion can take place without limitation. Some believe resources for continued 
growth can be found from the Moon and Mars. These views are not generally accepted. 
The other v iew is that industrial expansion must slow down and the efficiency of use of materials should 
be improved with reuse and recycling where possible. This view is more generally accepted. Society 
was changed drastically and rapidly in the last two centuries by the Industrial Revolution. The results 
of this revolution seem now to demand rapid change in society and behaviour once more in order to 
adapt to the new condit ions and to ensure human survival. 
13.6 ENVIRONMENTAL EFFECTS OF INDUSTRIALIZATION 
Compared to the environmental effects of the early hunter-gatherer herdsman societies, and of the 
agricultural societies, the impacts of the industrial societies on the environment have been huge. The 
industries and the cities that have developed have gobbled up materials and energy at an alarming rate. 
They have t ransformed landscapes more rapidly and drastically than the most developed agricultural 
societ ies. Even the transportation networks of modern cities and the highways that inter connect them 
use large areas of land and transform them permanently. As a result of industrialization air, soil and water 
are being contaminated. The excessive use and misuse of raw materials has begun to interfere with 
the cycles of nature. Some materials are lost f rom the cycles and will not return during periods of t ime 
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that have any meaning in human terms. Figure 13.1 summar ises some of the effects of extraction, 
processing and use of resources. 
The effects of industrialization and industrial pollution have begun to threaten the global system. The 
burning of fossil fuels has led to the gradual accumulat ion of carbon dioxide in the a tmosphere above 
natural levels. As a result the possibility of global warming now faces us. 
As another consequence the earth also faces the threat of ozone depletion due to the pollution of the 
atmosphere by chlorof luorocarbons (CFCC). Acid rain is another problem created by industries. Sulphur 
dioxide and oxides of nitrogen released into the atmosphere f rom factories in some countr ies, wash down 
as acids in those countries and beyond their boundaries too. This has led to destruct ion of forests and 
poisoning of lakes in those countries. The atmosphere of major industrial cities is p lagued with s m o g and 
other disturbances caused by pollution. Effluents from factories if not properly treated pass into surface 
water, soil and ground water. Accidents in industries, which happen off and on, release materials into 
air, soil and water, somet imes with disastrous results. A recent example of a major industrial accident 
a n d its t rans-boundwary effects is given by the accident at the Sandoz chemical plant in Switzer land, in 
November 1986. As a result of fire and explosion, about 30 tons of poisonous chemicals including 
pesticides, fungicides and mercury compounds poured into the Rhine river and were carried down the 
155 mile stretch to Netherlands and to the North Sea. The pollutants killed eel, trout, white fish and pike 
and the river was considered nearly biologically dead. Towns and vil lages in West Germany and 
Netherlands suffered severe shortages of p o t a b l e water. 
ENVIRONMENTAL EFFECTS 
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FIGURE 13.1 ENVIRONMENTAL EFFECTS OF EXTRACTION, PROCESSING AND USE OF RESOURCES 
Mining of materials is another activity that has led to much degradat ion. Coal mines have disfigured the 
landscape a n d in many places have made the land unreclaimable. Many mining operat ions leave behind 
permanent quarries and pits where water accumulates leading to health hazards. The G e m mining 
operat ions of this country also cause similar problems. In our own country the mining of sand from 
major rivers to support the building industries has recently led to salinisation of water supply system in 
Colombo. For many, years erosion of beaches has been a growing problem along coast- l ines adjacent 
to river mouths like that or the Kelani as a result of sand mining. 
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13.7 H A Z A R D O U S W A S T E 
Hazardous wastes produced by industries pose another problem. There have been instances ot 
industrial ised countries unloading such wastes in developing countries, somet imes with and somet imes 
without the knowledge of the peoples or the governments, of those countries. 
Figure 13.2 shows how hazardous waste is handled in the United States. In our own country we still 
do not face the problem of having to dispose significant quantities of hazardous waste. 
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FIGURE 13.2 - D ISPOSAL OF H A Z A R D O U S W A S T E IN THE U.S. 
One of the major problems that face modern societies with its hunger for energy and its s t o c k p i l i n g of 
nuclear weapons is the disposal of nuclear waste. In the 40 years or so since the introduction of 
nuclear technology, scientists have not found an acceptable way of disposing of these wastes. The 
wastes are radioactive and remain so for long periods of t ime. The radiations are life threatening and 
in case of accidents in nuclear plants and storage facilities can do considerable damage. This is the 
reason for the reluctance of many countries to accept nuclear power generat ion. The Chernobyl accident 
is a good example. In this case the nuclear reactor at Chernobyl , in former USSR, had an accident in 
1986 releasing radiation into the country around it and into the atmosphere. Increased radiation levels 
were recorded also in neighbouring countries. Much damage was done to the populat ion around the 
accident site. Due to high levels of radiation the area will have to remain uninhabited for many years 
to come. 
In this chapter and the two that preceded it we have attempted to trace the progress of human civilization 
and its relationship to the environment from its beginnings to the present day. Our look into the past 
has made it clear that with each stage of advance of civilization man has moved further and further away 
from the natural environment. The disruption of the environment, due to human activities has increased 
with these changes. The changes have been so great that human survival is now threatened. 
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C H A P T E R 14 
THE GROWTH OF HUMAN POPULATION 
14.1A BRIEF HISTORY OF WORLD POPULATION 
Man and his immediate ancestors have existed on Earth, for over a million years. For much of this t ime, 
m a n was a hunter-gatherer constantly moving f rom place to place. H u m a n populat ions were smal l a n d 
scattered. By far the major part of human history was marked by very slow rate of populat ion growth. 
Upto about 10,000 years ago the human species did not differ much from other animal species in the 
characteristics of populat ion growth. It is estimated that the total world population around 8000 BC (when 
settled agriculture commenced) was about 8 million. 
Changes in the rate of human population growth are related to major changes in ways of life. What is 
known as the 'Agricultural Revolution' began around 8000 BC. At about this t ime man learnt the 
practice of agriculture. Gradually he gave up gathering food and began to produce more and more of 
the food he required. In order to plant crops and reap a harvest, he had to remain near his crops for 
some period of t ime. The first human sett lements appeared in this way. An assured food supply and 
greater security al lowed more people to survive and to live longer. Therefore, the rate of populat ion 
growth began to accelerate slightly. 
During the next 8000 years populat ion grew to about 300 million which is the est imated size around at 
the beginning of the Christian Era (ADI). Between AD I and the beginning of the Industrial Revolution 
(around 1750) there was another slight increase in the rate of population growth. By A D 1750 populat ion 
had reached 800 mill ion. 
During the 200 years since the beginning of the 'Industrial Revolution' there had been a rapid increase 
in the rate of populat ion growth and the size of world population. The populat ion doubled f rom 500 
million in 1650 to 1 billion in 1850, with a doubling time of 200 years. It doubled again by 1930 with a 
doubling time of 80 years. In the 45 years that fol lowed another 2 billion people were added to make 
a populat ion of 4 billion by 1975. Stated in another way - world populat ion reached the first billion in 1850, 
the second in 1930, the third in 1960 and the fourth in 1975 and fifth in 1985. Latest populat ion 
projections by UN indicate that world's population would probably rise from 5.48 billion in mid 1992 to 
6 billion in the year 2000 and to 10 billion by 2050, before leveling off at 11.6 billion after the year 2150. 
It can be seen from this brief account that the human species which for most of its million year history 
resembled other animal species in characteristics of population growth, has departed drastically f rom the 
natural pattern during the last 200 years. Two phases of growth are generally recognized during this 
period - a phase of moderate growth upto 1900, and then a phase of very rapid growth. This rapid 
increase in the rate of population growth as well as in the number of human beings have been a principal 
cause of a number of environmental problems. However, the pressure exerted by different human 
populat ions in the different parts of the world depends on the relative use of resources which should be 
taken into account whenever environmental impacts of population are being considered. 
It is stated that the human species is unique in respect to population growth. In order to understand this, 
it is useful to compare human population growth with the growth of natural populat ions. 
14.2. GROWTH OF NATURAL POPULATIONS 
Species Populations are groups of individuals of a species living in a defined area, at a given time. 
For example we can talk of the population of the elephant, Elephas maximus of Sri Lanka in 1990 or 
of the human population of China in 1991. 
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Density of a populat ion at a given time is the number of individuals living in a unit area 
The size of a populat ion is determined by a number of features. 
1 . The number of births per thousand of population per unit t ime - birth rate 
2. The number of deaths per thousand of pupulation per unit time - death rate 
3. The average period of survival - longevity * 
4. Immigrat ion and emigrat ion. 
Population size increases when birth rate exceeds death rate. It decreases when death rate exceeds 
birth rate. The rates of birth and of death as well as longevity are controlled partly by environmental 
factors including, food availability, and availability of space as well as f luctuations in other environmental 
factors . It is also control led by internal factors related to the actual densi ty of a populat ion 
(density-dependent factors). 
Theoretical ly, a populat ion can continue to increase in size, under ideal condit ions. However, in nature, 
var ious factors come into play limiting the actual size that is attained. 
The numbers that result, if a pair of organisms produce the full complement of offspring and the offspring 
in turn produce a full complement and so on, can be easily calculated. Darwin calculated figures for 
elephants as fol lows. If an elephant begins to breed at the age of thirty and produces six young during 
a breeding period that extends up to the age of 90 and parents and offspring survive till the age of 100 
(the actual average life span is around 50 and highest age around 75), in about 750 years there will be 
19 million elephants descended from the original pair. Natural populations of elephants contain many 
more than a single breeding pair, and without the operation of limiting factors, such populat ions would 
take over all the available space on earth. Numbers would increase in geometric progression and growth 
would be therefore exponential . 
In natural populat ions, rapid growth occurs only for a brief period. The increase is slow at first. This is 
fol lowed by a period of very rapid growth. Growth slows down again and becomes almost zero at 
equil ibrium posit ion. If the growth is plotted against t ime the curve that results is the typical s igmoid or 
S shaped growth curve (or logistic curve -Figure 14.1). 
The equil ibrium position represents the limiting size of the particular population under the given 
condit ions. This is also called the carrying capacity of the environment for that particular species 
populat ion in the prevailing environment. This may be defined as the m a x i m u m populat ion the 
environment can support under prevailing condit ions. 
Actual growth curves, in nature usually do not have the smooth appearance of the typical s igmoid curve. 
The size of natural populat ions fluctuates during the various phases of growth as well as after the 
carrying capacity has been reached. This is illustrated by figure 14.2. Actually large f luctuations often 
occur in equil ibrium populations. These fluctuations are related to fluctuations in the physical environment 
that operate to raise or lower carrying capacity. Certain factors related to density (density-dependent) 
also come into play as the size of the population increases. 
14.3 GROWTH IN HUMAN AND NATURAL POPULATION 
The h u m a n populat ion growth curve is sharply different f rom that of any natural populat ion. For nearly 
a million years growth of human population was slow and similar to that of any other natural populat ion. 
For more than 99 per cent of human history, death rates were very high with the greatest loss in infants 
and young chi ldren. Parents were forced to have as many children as possible in order to ensure that 
at least a few would survive to reach adulthood. The balance between large number of births and large 
number of deaths resulted in a very slow increase in population size. Further in early t imes life 
expectancy was less than 30 years whereas today it has reached nearly 80 years or more in developed 
countr ies. In Sri Lanka it is now over 70. 
About 200 years ago the human growth curve began to depart f rom that of natural populat ions. Growth 
then accelerated becoming exponential . Very rapid growth took place at the beginning of this century. 
This further accelerated in the 1950s, so that the curve, at present, is almost vertical. Figure 14.3 
illustrates what is descr ibed as the J shaped curve of world populat ion growth. 
It is obvious that the various limiting factors that operate to slow d o w n and stabilize the growth of natural 
populat ions have ceased to operate in the case of man. The acceleration after 1750 was due to decline 
in death rate that accompanied the enhancement of the quality of life with the advent of Industrial 
Revolut ion. Fewer people died than were born each year. The decline in death rate was at first due 
to economic development and rising standards of living - better food, clothing, housing, water supply and 
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sanitat ion. Exposure to disease was also lowered. 
There are different ways of measur ing birth rates in human populat ions. 
C r u d e B i r t h Rate (CBR) - This is the simplest measure requiring only two pieces of information - the 
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number of births in an year and the total population size. It can be expressed as fol lows: 
Number of live births in year X 
CBR = - - X 1000 
Mid-year populat ion in year X 
CBR is not accurate because it does not take into account the actual number of persons who can give 
birth and the distribution of age in the population (age structure). 
G e n e r a l Fer t i l i ty Rate (GFR) - This uses information about the age and sex structure of a populat ion. 
It is calculated by dividing the total number of births in an year by the total number of w o m e n in child 
bear ing ages. 
Total number of births in the Years x 
GFR = - - — 
W o m e n aged 15 - 44 in the Year x 
There are other measures of birth rate as well , but we shall not detail them here. 
After 1900, mortality cont inued to decline mainly due to improvements in medical science especially the 
development of vaccines which helped to reduce deaths due to infectious diseases. At first this decline 
was limited to the more developed countries of Europe and North America. After the mid 40's however 
medical and public health services became available to most countr ies of the wor ld leading to reduction 
in death rates. 
The effect of decl ining death rates and increased longevity has increased the rate of populat ion growth. 
At the same t ime in the developed countries the introduction of contraceptive methods and changes in 
social attitudes have contributed to drastic lowering of birth rates. In some western countries, 
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especially those of the Scandinavian region zero growth rate or even a net decline in populat ions are 
now observed. 
The situation is very different in poor developing countries and especially in India and countries of Latin 
Amer ica . In these countries where death rates have decl ined as descr ibed above, birth rates remain very 
high resulting in high rates of population growth. In countries like the United Arab Emirates, Algeria, 
Mexico and India low death rates are combined with traditionally high birth rates resulting in high growth 
rates such as the fol lowing :- United Arab Emirates 7.3 per cent, Algeria 3.2 per cent, Mexico 2.7 per 
cent, India 2 per cent as compared to USA 1 per cent, USSR 0.9 per cent, France 0.6 per cent, UK 0 
per cent, Denmark 0 per cent. West Germany 0.1 per cent. According to the latest UN predict ions 97 
per cent of the expected increase in population will occur in developing countries with Africa account ing 
for 34 per cent of the rise. Figure 14.4 depicts the distribution of world populat ion in 1990. 
Latin America 
and Caribbean 
8% 
443 million 
North America 
5 % 
280 million 
Latin America 
and Caribbean 
8% 
714 million 
North amenca 
4 % 
344 million 
Africa 
12% 
646 million 
Europe and 
former USSR 
15% 
787 million 
1990 
5.3 billion 
Europe and 
former USSR 
10% 
878 million 
2025 
8.5 billion 
FGURE 14.4 - POPULATION OF THE W O R L D 
Data Source - World Bank 
14.4 POPULATION GROWTH IN SRI LANKA 
At the t ime the first modern census was conducted by the British in 1822 the populat ion in the island 
stood at 889,584. The next census was conducted in 1871 by which time the populat ion had increased 
to 2.4 mill ion. The first increase observed from 1822 to 1871 was not due solely to natural increases. 
During the intercensal period 1891 to 1901 increase was mainly from large scale immigrat ion. In the 
intercensal period 1929 - 1931 increase was mainly due to natural increase. The death rate cont inued 
to decline while birth rates increased and also there were increases in cohort sizes of females in 
reproductive age. There has been a slow decline in fertility and these factors together have contr ibuted 
to the total populat ion growth of the past few decades. 
At the beginning of this century the crude birth rate in Sri Lanka was around 38 per 1000. This has now 
decl ined to about 22 per 1000. Total fertility rate which was est imated at 5.3 in 1953 has decl ined by 
half in 1987 to 2.8 children for w o m e n of child bearing age. Populat ion projections made in 1988 
assumed a further decline in total fertility rate to 2.1 by 2 0 1 1 . 
With regard to mortality a high crude death rate of 30 per 1000 persisted until the 1940s. Improvements 
in health and sanitation services, literacy levels, malaria eradication programmes etc. brought about a 
steep decline by the end of 1940s. By 1947 the death rate stood at 14 per 1000 and it has decl ined since 
to 6 per 1000. It is assumed that the death rate will not decline much further. 
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These changes have brought about an increase in life expectancy at birth. It was 44 years for females 
and 42 years for males in 1946. By 1971 it had increased to 64 years for males and 68.8 years for 
females and further increased to slightly over 71 for males and slightly over 74 for females, in 1991. 
According to the present estimate the population of Sri Lanka in the year 1993 is approximately 17.5. 
According to current projections this population will rise to 20 million by 2001 and 24 million by 2 0 2 1 . 
It is est imated that the Sri Lankan population will peak at about 25 million in 2046. Growth rates are 
expected to further decline from the present 1.8 to around 0.6 by 2 0 2 1 . 
Whi le this decline is taking place it is expected that the age group 0-4 years will decline from 13.5 per 
cent in 1986 to 6.5 per cent by 2021 . In contrast, there will be a dramatic increase in the population 
of those over 60 years of age from 982,000 in 1981 to 3.15 million by 2016. 
This means that major changes will be seen in the age structure of the population requiring shifts in the 
governmenta l spending towards the support of an elderly populat ion. In developed countries where life 
expectancy is higher and will continue to increase, the problem of social welfare for the elderly has 
already become acute. 
14.5 P O P U L A T I O N DENSITY IN SRI L A N K A 
Sri Lanka is the second most densely populated country in less developed countries, Bangladesh being 
the first. Other countries in Asia with higher densit ies are Japan , South Korea, Singapore and Hongkong. 
Average populat ion density in Sri Lanka in 1991 was 260 persons per sqkm. , with greater concentrat ion 
in the wetzone (Figure 14.5). 
FIGURE 14.5 - P O P U L A T I O N DENSITY OF SRI LANKA 
Shifts have occurred in population densities because of urbanization. In the 110 years between 1871 
and 1981 the urban population of Sri Lanka has increased from approximately 11 per cent to nearly 22 
per cent. During the past tour decades urbanization had slowed down with the development programmes 
related to rural infrastructure. Urbanization rates had been lower than those of many countries of the 
region. However high rates of growth have been observed in the Colombo area. From this lesson, it is 
clear that cont inuous increase in population size is a feature that appears only in the human species. 
W e will see in the chapters that follow that population size is intimately related to environmental impacts. 
W e will see further that cultural development which also is a unique human characteristic is a major 
contributor as well to environmental degradat ion. 
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C H A P T E R 15 
E N V I R O N M E N T A L I M P A C T S O F 
P O P U L A T I O N G R O W T H 
15.1 GENERAL 
Until a few decades ago it had not been realized thai one of the major problems of the human species 
was the rapid growth of human populat ions. It is now accepted that a root cause of the growing 
environmental problems is the present size of the population and its cont inued growth. There are no new 
land areas to be discovered on Earth and there can be no expansion of the extent of fertile lands to 
support the growing numbers of people. Many of the materials that support modern society are in short 
supply. 
It is somet imes stated that advances in science and technology will enable us to meet the requirements 
of the growing populat ion. However, the fact remains that many of the environmental problems that we 
face today are themselves the results, directly or indirectly of the application of science and technology 
for this purpose. One good example is the application of science & technology for increased food 
product ion. Various agrochemicals were developed for insect control . DDT was one of these. At the 
beginning DDT was used successful ly for controll ing insect pests. However, DDT remained in the 
environment in low concentrat ions. What was not expected was that the chemical would pass up the 
various food chains from animal to animal. Even worse was the fact that concentrat ions increased at 
each successive level - a process that is referred to as b i o a c c u m u l a t i o n or b i o c o n c e n t r a t i o n . At higher 
concentrat ions it became toxic with various adverse effects on animal life. This is il lustrated in Figure 
15 .1 . Rachel Carson in her landmark publication Silent Spring (1963) was the first to bring the problem 
of bioconcentrat ion to the attention of the general public. DDT was wi thdrawn from use soon after. 
In nature, the number of a species in a particular area do not increase continually. Various environmental 
factors come into play and limit the number to a relatively stable level. This number is referred to as 
the c a r r y i n g c a p a c i t y of the particular habitat for that species. Man is just another animal species. The 
same laws of nature apply to us as well . The concept of carrying capacity should apply to us as well . 
However, we have not accepted this limitation. The application of science and technology has enabled 
us to grow continuously for a short t ime. The resulting populat ion explosion is at the root of many of 
the problems that mankind faces today. The impact of populat ion growth is seen in our environment 
which is now threatened in many wetys. 
Man's first major impact on the environment may have resulted f rom the use of fire. In hunt ing he used 
fire to flush out animals destroying part of the forest thus transforming forest to grassland. Clearing of 
forests cont inued with the practice of agriculture and deforestation and habitat t ransformation has 
cont inued wor ld-wide on a large scale. Today deforestat ion is a major global problem. 
The degradat ion of soils is another major negative impact of the practice of agriculture. The history of 
agriculture in the basins of the Tigris and Euphrates provide one of the earliest examples of such 
environmental degradat ion. These valleys were the cradle of the Mesopotamian civil isation. Here 
irrigation systems helped agriculture to thrive. However, faulty irrigation practices, high degree of soil 
erosion and accumulat ion of salt led to the gradual conversion of once fertile land to a subfertile state 
that could not support the populat ion. Finally the Mesopotamian civilization decl ined and disappeared. 
Abuse of land could have been the major cause of this disappearance. 
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Man's dependence on herds of livestock, too has had major negative environmental impacts. The 
practice of herding is very old. It is sustainable if the carrying capacity of grazing lands is not exceeded. 
As growing populat ions made increasing demands herds increased in size, poor grasslands were 
continually overgrazed, giving them little t ime for recovery. Overgrazed lands get eroded and over the 
years turn into desert. In this manner as grasslands on the fringes of deserts are degraded the desert 
expands. Such expansion is seen in the Sahara desert in Africa and in the Rajasthan desert in India. 
These changes have resulted ultimately f rom populat ion pressure that is too many people depending o n 
too little land. There are other examples as well f rom the past of the effects of populat ion pressure. The 
Mayan civil ization in Central America may have decl ined and disappeared partly because of too intensive 
cult ivat ion of fragile tropical rain forest soil, as also the Khmer civil ization of present day Cambodia . 
Similarly overgrazing by sheep of Navajo herdsmen is thought to have destroyed extensive areas of 
pr ime pasture land in the Amer ican Southwest. 
Whi le man has had only a slight disruptive influence on the environment for a long t ime, his impact has 
increased immensley in recent history and especially during the 20th century. H u m a n activities 
responding to increasing d e m a n d s of an overgrowing populat ion have major disruptive effects on various 
aspects of the environment. We will outline a few of these here. Poverty, which is a major consequence 
of overpopulat ion and itself a cause of environmental damage is dealt with separately in Chapter 2 1 . 
15.2 I M P A C T OF A G R I C U L T U R E 
6.7 to 6.9 centners of grain crops per head are produced in the world today. But nearly half the world's 
populat ion is either suffering from malnutrit ion or from shortage of food. The problem of malnutrit ion is 
most acute in the developing world. It is est imated that, by the year 2000, about 80 per cent of the 
world's populat ion will be in the developing countries and providing food for them will be further 
aggravated. 
Agricultural technology aims at producing the max imum amount of food f rom every unit area of land. In 
order to achieve such production ' m o n o c u l t u r e ' (growing of a single crop e.g. paddy, wheat) is practised 
over large extents of land. While monoculture practice can achieve high product ion levels under ideal 
condit ions, they are easily destroyed by changes in the environment, such as weather condit ions and 
pest attacks. On the other hand natural systems with their mix of species are better able to withstand 
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environmental f luctuations. However, such systems though stable cannot provide the high product ion of 
foods that man requires. 
A striking example of the instability of the monoculture system and the vulnerability of the populat ion that 
depends on it is given by the potato famine in Ireland. In the mid nineteenth century the Irish populat ion 
depended on potato as their staple food. Potato monocultures occupid large extents of land. Potato 
blight (a fungal infection) struck these extensive monocultures in 1845 and 1846 a n d destroyed the entire 
crop. There were no alternate food sources. The result was the Irish Potato Famine in which over one 
million people died. Of those who escaped over a million people emigrated to the United States. 
In order to increase agricultural product ion to meet growing d e m a n d yield per acre has to be maximized. 
This requires an increased use of inorganic fertilizers and of pesticides. These agrochemicals cause the 
pollution of land and water with major ecological consequences. 
In the search for additional land for food production for the increasing populat ion, lands that are 
unsuitable for cultivation are being cultivated resulting in major environmental impacts. Slash and burn 
techniques (chena cultivation) are destroying forests in this country and e lsewhere. The practice of 
agriculture on steep hill sides is increasing soil erosion to serious proport ions. In Brazil and Southern 
Sudan, the application of techniques of temperate zone agriculture to tropical soils has led to erosion and 
loss of soil fertility. Nearly 430 million hectares of land has been destroyed by erosion in different 
countr ies. At the present rate of destruction up to 1000 million hectares of fertile land may be rendered 
unproductive or marginal by the year 2000. One of the reasons for the reduction in the extent of arable 
land is intensive water and wind erosion of soil which is due to various h u m a n activit ies. 
As increasing areas of land are converted from valuable natural systems into farmland, the extents 
available to serve as reservoirs of biodiversity and to carry on the essential function of natural systems 
are becoming drastically reduced. 
The drive for increased productivity had other impacts. A wide range of traditional crop varieties which 
had served mankind well for many thousands of years is now being replaced by a few specially bred 
high yielding strains. A single variety of rice or wheat now covers thousands of hectares. As descr ibed 
above, this t remendous expansion of monoculture carries with it the risk of catastrophic destruction by 
disease or pests. The loss of the old varieties and strains will reduce our ability to develop new cultivars 
in the years ahead. 
In many parts of the world, increased productivity is dependent on irrigation. Irrigation systems are not 
a modern invention. In our own country an intricate system of reservoirs and channels was developed 
over hundreds of years. In the modern context increased requirements of water have led to the d a m m i n g 
of rivers, creat ing major reservoirs. In Sri Lanka we have the Mahawel i Development Project and there 
is also the example of the Aswan high dam in Egypt. Such major alterations of natural systems have 
major impacts on habitats, on lands that are inundated, on people who have to be resettled, on disease 
patterns and on weather. 
A number of environmental problems arise in using the water provided by irrigation systems. Poor 
management practices lead to excessive use of water, inadequate drainage leads to salt accumulat ion 
(salinization) of soils due to evaporat ion. Large extents of originally fertile land have become unsuitable 
in many places as a result of salinization. 
T w o other consequences of irrigated systems are the accumulat ion of agrochemicals in soil and ground 
water and the transport of excess fertilisers into natural water bodies. The latter causes e u t r o p h i c a t i o n 
and destruct ion of the aquatic habitat. A striking example of the former is the accumulat ion of nitrates 
in the ground water in the l imestone areas of the country, the Jaffna peninsula and in the northwest. 
Accumulat ion of nitrate creates what is reffered to as the 'n i t ra te b o m b ' . This causes health problems 
in the human populat ions that use that water. The 'Blue Baby Syndrome' is brought about by excess 
nitrate in drinking water. 
15.3 I M P A C T O F I N D U S T R I A L ACTIVITY 
The rapid growth of human population is often directly related to the development of industrial activity 
a n d result ing improvement in living standards. In the case of 'agricultural product ion, as well as in the 
case of industrial product ion, a continuing upward spiral has been created. The greater the populat ion, 
the greater the demand for products for economic growth and improved standards of living. This has 
resulted in many adverse effects on the environment. 
Industry demands the use of natural resources. Fossil fuels, and mineral resources, which are finite in 
quantity, have been used at rapidly increasing rates. The mining of materials has disfigured the 
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locations of such activities. Some of the products of industry themselves have caused environmental 
problems. The advance of chemical sciences has led to the production of synthetic substances that 
never existed in nature before. Some of those substances cannot be broken down by the natural 
processes of decomposi t ion. They are n o n b i o d e g r a d a b l e . Therefore they accumulate and persist for 
long periods of t ime in the environment. Examples of such materials are plastic products and 
non-degradable plastic bags. 
We have already referred to DDT. Another related class of industrial chemicals are the polychlorinated 
biphenyls or PCBs. These are synthetic organic compounds used in the production of plastics. These 
substances are toxic to people and other organisms and they are not easily biodegradable. Where they 
enter the environment they persist for many years. What their long term effects may be, are unknown 
but their potential for disruption of ecosystems is enormous. 
• In the search for more and more energy to drive the industries to support the huge populat ion, fossil fuels 
have been used up in large quantit ies. The generat ion of carbon dioxide f rom the beginnings of the 
industrial revolution by the burning of coal and oil has resulted in a continual increase in the concentrat ion 
of carbon dioxide in the atmosphere. The amount of atmospheric carbon dioxide was 280 parts per 
million in 1750. This has increased to 345 parts per million in 1990. Carbon dioxide is one of the gases 
that help to maintain surface temperature of the earth at levels which are suitable for life. Increased 
carbon dioxide leads to an increase in temperature. This may result in what is now called 'global 
warming' . The problem of global warming is discussed in Chapter 23. 
Strip mining of raw materials which is regarded as a highly efficient method, of extracting mineral 
resources has resulted in considerable destruction of vast areas of the Earths surface. It has also 
changed the soil composi t ion of these areas. Although rehabilitation of these lands for cultivation 
purposes is possible, the process requires large investments and the rehabilitated land has limited use. 
Such areas are turned into industrial deserts. 
Another major environmental impact is the depletion of ozone in the atmosphere due to the introduction 
of the chlorof luorocarbons (CFCC) are a group of man-made chemicals which has been used extensively 
in refrigeration, air condit ioning and aerosol production in many parts of the wor ld since the 1930s. 
CFCC were hailed as miracle chemicals which were considered inert and harmless. Over the years 
C F C C leaked into the atmosphere. Though harmless at ground level it became a destroyer of ozone 
at higher level of the atmosphere which it reached through air circulation. Depletion of Ozone creates 
problems for life on earth. The ozone layer filters out most of the incoming UV radiation which is harmful 
to life. The problem of ozone depletion is discussed further in Chapter 23. 
The effects of an industrialised society on the environment are not conf ined to the direct effect of 
chemicals . Activit ies which disturb the environment at one point can have major disruptive effects 
e lsewhere. For instance, coastal ecosystems are particularly vulnerable to this kind of impact. Pollutants 
carried d o w n by rivers can spread over sea grass beds and coral reef systems, destroying these 
sensit ive and valuable habitats. 
15.4 IMPACTS ON COASTAL WATERS 
Much of the productivity of the oceans takes place in coastal waters over the continental shelf and in 
coastal upwell ings where nutrient rich water from below is brought up to the surface. 
Fish has long been one of the major sources of protein for man. Fish populat ions have specific patterns 
of reproduction, larval growth and maturity, population size and structure. These populat ions can 
continue to be stable upto certain levels of exploitation. However, in many parts of the world especially 
with the pressure for food and for income generation has made overfishing very c o m m o n . In many such 
places more fish is extracted than what can be replaced naturally. This leads to decline in catches, 
reduction in size of fish caught and ultimately to the collapse of the fishery. Desire for income generation 
results in the over exploitation of other coastal resources too. Coral mining and production of lime are 
examples of such environmental ly disastrous, activities. 
15.5 POPULATION AND DESERTIFICATION 
The rapid progress of desertif ication in certain parts of Asia and Africa provide a striking example of how 
major t ransformations occurs in delicate ecosystems. 
There are naturally occurring deserts in various parts of the world. These occur as a result of a 
combinat ion of long standing climatic and geographical factors. Human populat ions have lived for a long 
time on the fringes of such deserts and in arid and semi-arid zones. Arid and semi-arid zones are very 
fragile ecosystems because their communit ies are finely balanced to exist in relation to extremely limited 
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rainfall, l imited not only in quantities but also in period of availability. With high populat ion increases in 
such areas the demand on the land far exceeds the capacity of the land to meet the demand . Expansion 
of agricultural activity, overgrazing and excessive extraction of fue lwood all lead to irreversible destruct ion 
of the existing vegetat ion cover. Thus, lands on the fringes of deserts are converted into deserts with 
disastrous consequences for the people who live there. Box 5 gives the example of Sahel in Africa. 
BOX 5 
SAHEL FAMINE 
The Sahel lies on the fringe of the Sahara desert. The ancient pastoral systems 
produced by the nomads al lowed them to exist in the region for thousands of 
years in a fine balance with the environment. However, modern planners and 
policy makers thought that the old nomadic ways were inefficient and wasteful . 
Government officials restricted the movement of nomads. Thousands of wells 
were dug and storage tanks constructed for water to improve pastures. Veterinary 
care was made available for cattle. As a result of these changes cattle herds 
increased in size and people who were once spread wide were conf ined to 
small areas. This resulted in overgrazing, soil degradation, removal of vegetation, 
reduction of water retention by soil and finally desertif ication. 
In this manner human and cattle populations of the Sahel grew to sizes which 
exceeded the capacity of the region to provide food for man and forage for 
animals i.e. the carrying capacity was exceeded. The situation was aggravated 
by the drought of late 1960s and 1970s. Most of the herds were wiped out and 
an est imated 1.5 million people died of starvation. Interference in the t ime 
tested relationship between man and his environment thus led to a major 
disaster. 
15.6 POPULATION, NUTRITION AND FAMILY HEALTH 
Large populat ions in any area or country are ultimately tied up to the sizes of the individual families. 
There are many ill effects of families larger than the opt imum size. The mother is the keystone of any 
family. Pregnancy, birth and care of the infant place very heavy demands on the mother who has to 
undergo them with each child that is born. The health and mental capacity of the child are closely tied 
up with the nutritional status of the mother. In many developing countries, tradit ions of the family d e m a n d 
that the greater part of the scarce food resources go to the father - the bread winner. The children get 
the next portion while the mother has to manage with what remains which is often insufficient. 
Successive births at short intervals make the situation worse, not only for the mother but also for the 
growing infants. The older children get less care and little food. W h e n a whole populat ion often living 
under condit ions of poverty in s lums and shanties is considered, the impact of large family size on the 
quality of life and health is very considerable. In such situations the family is unable to obtain adequate 
food, shelter and clothing, not to mention education and other facilities. It becomes a burden on society. 
Between the early 1950s and 1970s, food production in both the industrialized countries and developing 
countr ies increased at approximately the same average rate of around 3 per cent per year. However, 
because of the difference in the rates of population growth (less than 1 .5% for the industrial ised countries 
and 2 per cent or more for developing countries) food production was inadequate to feed the existing 
populat ions in the developing countr ies. According to the estimates of the FAO each person in the 
industrialised countries on average consumes some 3100 kcal per day and 96 grams of protein both of 
which are well above the est imated needs. In contrast to this each person in the developing countries 
consumes on average only 2200 kcal and 58 gms of protein. This is about two thirds of the amount 
available to those in industrialised countries and is below the est imated need. Poorer segments of the 
populat ions in developing countries are seriously undernour ished. Food shortages lead to widespread 
malnutrit ion and hunger especially in infants, preschool chi ldren, pregnant and nursing mothers. 800 
million people are currently est imated to be suffering from malnutrit ion, most of them in the developing 
countr ies. 
Of the 55 mill ion deaths that occur worldwide every year, around 10 million have been est imated to be 
the result of starvation or malnutrit ion and or related diseases. Chronically undernour ished people are 
also more vulnerable to infectious or parasitic diseases. 50 per cent of these are children under the age 
of four. 
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Extremely poor sanitary condit ions further complicate the situation. Dysentery and infestations of various 
kinds of w o r m s are c o m m o n . Serious malnutrit ion prevalent in children of overpopulated developing 
countr ies lowers resistance to diseases, thus contributing to higher death rates and loss of productivity 
and waste of human life. 
Large numbers of poor people living in impoverished condit ions have many adverse effects on the 
physical environment. These manifest most clearly in terms of deforestat ion, slash and burn agriculture, 
s lum and shanty dwel l ings, and various types of pollution. 
15.7 M A N K I N D A S A G L O B A L H A Z A R D 
Nature is a lways in a dynamic state and is being affected by its own processes some of which are 
destruct ive. In certain respects mankind is today becoming comparable to, and even more potent than, 
many natural hazards. 
Approximately 5 per cent of all energy captured by photosynthesis on earth now flows through agricultural 
ecosystems and supports human beings and their domestic animals. This is in contrast to the many 
mill ion other species who do not have such a practice. Civilization is now contributing half as much as 
nature for the global a tmosphere burden and by year 2000 will equal nature in its inputs. Oil added to 
the oceans by human activity exceeds many fold the oil that comes in by natural seepage. 
There is little doubt, when considering the above, that increase in human populat ion is the root cause 
of environmental degradat ion and the worsening environmental crisis. The most elementary relationship 
between populat ion and environmental deterioration is that population size acts as a multiplier of 
activities, consumpt ion and environmental damage in respect of each individual in that populat ion. 
For example the motor car is more damaging in a large rich population than in a small poor one. Between 
1950 and 1970 world population increased by 46%. Considering the inputs into the global environment 
the figure in 1970 would have been only 68 per cent as large if the population had not grown between 
1950 and 1970. 
In the field of environment there is often a t ime lag between cause and effect, as in the case of the CFCC 
and ozone and of DDT and the poisoning of birds. Moreover many changes are irreversible. Mankind 
may have already exceeded the carrying capacity of the global system. Science and technology cannot 
yet assure that mankind can adjust to changing environmental situations and continue to lead an 
acceptable style of life. Whatever other actions are taken, a stabilization of populat ion sizes world wide 
seems to be a strategy of fundamental importance. 
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CH A P T E R 16 
USE AND MISUSE OF LAND 
For over 8,000 years man has practised agriculture. His dependence on arable land (see below) has 
increased progressively since that t ime. The d e m a n d for arable lands continues to increase with ever increasing 
populat ion and the need to produce more and more food. 
Until recently we had no clear idea of the extent of arable land available in the wor ld . Perhaps, it was 
assumed that land is available in unlimited extent and is an inexhaustible resource. Today, with the use of 
advanced technology including remote sensing we know fairly accurately the available extent of arable land, 
wor ld-wide. W e know that the extent is finite and limited. W e also know, that a l though fertile land is a 
sustainable resource, it is very fragile and easily destroyed. Once destroyed it may take thousands of years 
to recover to a usable state. 
16.1. ARABLE LANDS 
All lands are not arable. Lands that are suitable for cultivation or tillage for planting crops are called 
arable lands. Cultivation implies intensive land use. Even a m o n g lands termed arable all do not have 
the s a m e potential for product ion. 
16.1.1. Arable Lands of the World 
The total land area in the world is about 13.5 billion ha. Of this 78 per cent is too cold, too dry, too steep, 
too shal low, too wet or too poor to sustain productive plant growth. Of the balance 22 per cent, about 
1.4 billion is slightly less than half the available extent is being cult ivated at present. About 1.6 billion 
ha of arable land remains available for cultivation. 60 per cent of the arable lands is of low productivity, 
27 per cent of med ium productivity and only 13 per cent i.e. approximately 400 mill ions ha, is of high 
productivity. Most of the highly productive lands lie in the temperate zone. The proport ion of highly 
productive land in the tropical zone is comparatively low. 
Asia, with nearly 60 per cent of the world's populat ion, has only 20 per cent of the world's arable lands. 
The pressure on arable lands in this region is thus extremely high. The problem is aggravated further, 
as some of the best agricultural lands are used for other purposes. This is a result of high populat ion 
density. Table 16.1 indicates the intensity of cultivation in the various regions of the wor ld . 
Region Population Cult ivated Cult ivated 
in 1975 area per land as % of 
(millions) person potentially 
(hectares) arable land 
Africa 401 0.39 22 
Asia 2255 0.23 82 
Austral ia & 
New Zealand 17 0.94 10 
Europe 473 0.33 89 
North and Central 
Amer ica 316 0.76 51 
South Amer ica 245 0.31 11 
USSR (old) 255 0.89 , 64 
World 3967 0.35 43 
TABLE 16.1 - ARABLE AND CULTIVATED LAND AND POPULATION WORLDWIDE 
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16.1.2. Arable Lands in Sri Lanka 
Of the total land area of Sri Lanka of 65,610 sq.km or 6,561,000 ha, about 2 million ha, are under 
agriculture. Less than one million ha of these lands are under permanent tree crops distributed 
throughout the country, the major portion lying in the low country dry and intermediate zones. ' Of the 
balance one million hectares, the extent in the mid-country (330 to 1000 m amsl) and in the hill country 
(above 1000 m amsl) is less than 100,000 ha. However, these lands make a substantial contribution 
to the agricultural output of the country. 
Arable lands in the low country are located mostly on gentle slopes, whereas, the arable lands in the 
mid and up country areas are on steep slopes. 
During the last three to four decades, the growth of population in Sri Lanka has been very rapid. From 
8 million in 1953, the population had reached 16.8 million in 1989. On that basis population density of 
Sri Lanka was around 260 persons per sq. km. Thus the extent of land per head is very small , being 
about 0.38 ha of land per person. The population distribution within Sri Lanka is such that the population 
density in districts like Kandy, Nuwara-El iya and Badulla, where land available for cultivation is l imited, 
is high c o m p a r e d to that of other districts like Anuradhapura and Vavuniya, where more land is available 
for cult ivation. 
16.1.3. Carrying Capacity of Arable Lands 
The carrying capacity of arable lands is related to their inherent productivity. Carrying capacity may be 
def ined as the number of persons that a unit of arable land is able to support at an acceptable standard 
of l iving. The carrying capacity varies from region to region; it depends on the cropping intensity, the 
kind of cropping and farming systems used, the productivity of the soil and the management practices 
that are appl ied. In the rural agricultural sector, the economic farm size is dependent on the carrying 
capacity of the land. 
16.1.4. Irrigated Lands 
Irrigation is the most important intervention by man to improve arable crop product ion. It is used in lands 
where water is limited either due to low rainfall or its uneven distribution. At present about 1 5 - 2 0 per 
cent of the world's arable lands have been developed for irrigated agriculture. 
In Sri Lanka a considerable extent of land is being cult ivated under irrigation. This is due to the 
dominance of paddy cult ivation. Around 50 per cent of the cropped lands have irrigation facilities. Of 
the irrigated lands about 60 per cent is assured of water for paddy cultivation during two seasons in a 
year. The irrigation potential of the balance area is very poor. It is possible to provide irrigation to these 
areas only during one season of Ihe year. 
16.1.5. Rainfed Lands 
More than 80 - 8 5 % of farmlands in the world depend only on rainfall. Some of these are in assured 
rainfall areas where moisture would not become limiting for plant growth. In other areas rainfall is 
seasonal , and their cropping intensities are relatively low and yields are uncertain. 
In Sri Lanka, about 4 8 % of the farmlands are under rainfed agriculture. These lands are distributed 
mainly in the dry and intermediate zones with a very limited extent in the wet zone. In both the dry and 
intermediate zones, limitation of water is the main factor affecting farming. The rainfall in the dry zone 
is seasonal . A protracted dry period occurs, commenc ing f rom mid May and lasting up-to the end of 
September . Most of the rainfed cultivation in this area is limited to a slash and burn (chena) type 
agriculture on undeveloped lands. 
16.1.6. Loss of Arable Lands 
Most of the world's easily accessible arable lands, have been brought into full use already. Many of the 
poor countr ies of the world do not have any more new areas that could be developed for farming. Yet 
these are the very countries where population growth is high and food needs are growing. Many 
countr ies like Sri Lanka have exhausted their good and moderately good arable lands and have already 
encroached heavily on marginal lands in certain areas. 
The pressure on land is aggravated by the degradation of good arable lands. Reduct ion of arable lands 
occurs in all parts of the wor ld but more so in the poor developing countr ies of the tropics. In these 
countr ies the arable lands are intensively used. Population pressure on land, poverty of the rural sector 
and poor land and crop management practices lead to damage by soil erosion, increased salinization 
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and water logging, thereby reducing the effective extent of arable land. 
All h u m a n sett lements have been associated with good arable land. However with the growth of 
populat ion and urbanization more and more land been requisit ioned for non agricultural purposes such 
as roads, dwel l ings, buildings, factories. Such land will not be reverted to agriculture in the near future. 
In Sri Lanka, a l though, during the last ten years there has been a rapid increase in the area developed 
for farming as a result of the accelerated Mahaweli scheme, there is concurrent loss of arable land as 
well . There is no estimate of the extents being lost. This loss is due to use of agricultural land for non 
agricultural purposes, and abandonment of lands due to severe degradat ion. 
16.2. D E G R A D A T I O N OF ARABLE LANDS 
The change of arable land f rom a productive state to a non-productive state is referred to as degradat ion. 
A s a result of land degradat ion the practice of agriculture either becomes impossible or the yields decline 
so much that crop production becomes uneconomical . Land degradation can occur in several ways, but 
poor land management is the principal cause. 
Land degradat ion occurs due to a number of causes. These include soil erosion, hard pan formation, 
fertility loss, water logging, salinization, alkalization, and chemical pollution. Erosion involves the removal 
of soil particles from their natural site. The other forms of land degradat ion do not involve any loss of 
soil, but productivity is reduced due to, removal of nutrients, changes in the physical properties and 
chemical composi t ion of soils. 
Soil erosion is the most important cause of land degradat ion. In erosion, fertile surface layers of the soil 
are removed by water or wind because of the absence of conservat ion practices. Erosion by water can 
be so severe that in one or two years, the whole soil may be removed exposing the underlying rock. 
Usually wind erosion blows away the fine soil particles which carry with them the most active soil 
components including plant nutrients. 
A hard pan forms by the washing down of fine fraction of soil from the surface layers and deposit ion in 
a sub soil layer. By this process the surface becomes coarse textured while the sub soil becomes fine 
textured and impervious to water. The soil becomes poorly drained and lacking in aerat ion. In addit ion, 
there is a loss of the nutrient holding capacity of the surface layer and a reduction of its total nutrient 
content. 
Fertility loss results f rom the removal of plant nutrients from the soil by erosion, leaching or by the 
harvested crop. Commonly , cont inuous monocropping without adequate replacement of nutrients 
removed by the harvested crop results in the decline of productivity. Some crops (such as manioc) which 
are considered as crops that exhaust soil fertility have acquired this reputation because they are often 
grown, repeatedly, on the same land, without fertilisers. 
Water logging interferes with agriculture in many countries. While water logging is a feature of natural 
swamps , it is also encountered in dry and arid regions under irrigation, where soils are poorly drained. 
In water- logged soils, poor aeration, breakdown of soil structure, spread of weeds are all problems that 
interfere with agriculture. 
Salinization, or accumulat ion of salts in the root zone and sodicity, or accumulat ion of sodium (alkali) 
in soils has adverse effects on soil productivity and crop yields. In irrigated dry and arid regions, where 
there is poor drainage the ground water table rises close to the soil surface bringing with it the salts that 
are present in the deeper layers. When this water evaporates these salts accumulate at the soil surface. 
This process could be reversed if the soil is f looded and water al lowed to percolate washing down the 
surface salts. In extreme cases, damage from salinization is so great that it is technically impractical 
or too expensive to reverse the process. 
Other forms of land degradat ion occur due to excessive accumulat ion of agrochemicals, such as 
fertilisers, pesticides and weed killers. Such chemical residues affect quality of crops or cause other 
problems such as pollution of ground water. 
The annual loss of arable land in the world through erosion alone is est imated to be around 4 to 7 million 
hectares. If current rates of land degradat ion continue, it is est imated that approximately one third of the 
world's arable land will be destroyed by the year 2000. The actual estimate of areas degraded due to 
soil erosion is not well documented in Sri Lanka. However, a very large proport ion of land at 
mid-elevat ions in the districts of Kandy, Matale, Kegalle, Badulla and Ratnapura have been severely 
eroded. 
Decline in productivity is the natural outcome of land degradat ion, whether it occurs through soil erosion 
or through other means. Loss of productivity can be equated to the loss of land for agriculture. Yield 
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decl ines are c o m m o n in much arable lands. Even in lands developed for irrigated agriculture, some have 
degraded due to water logging, salinization or sodicity. Yield decline, due to whatever cause could also 
be equated to an area loss. 
Reduct ion of the area of the arable land has serious consequences for meet ing the needs of a rapidly 
increasing populat ion and for improving the living condit ions of the underprivi leged. 
It is now generally accepted that one of the human activities which is most damaging to the environment 
is the practice of agriculture. In this chapter we have learnt about the processes which are leading to 
the rapid loss of available land on the one hand while on the other hand the need to produce more and 
more food is increasing. This is one major aspect of the environmental crisis which we are now facing. 
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C H A P T E R 1 7 
SOIL EROSION AND SOIL CONSERVATION 
17.1 WHAT IS SOIL EROSION? 
Soil erosion is a natural process which is cont inuous and slow and which gradually changes the face 
of the Earth. It is essentially a process of leveling whereby soil particles are rolled or washed down 
slopes and deposi ted in low lying areas. The most active agents responsible for this process are wind 
and water. 
In the natural state, once soil is formed, a natural plant cover is progressively establ ished. This cover 
protects the soil f rom direct exposure to water and wind and therefore f rom erosion. The cover may be 
a thin surface layer of small plants, a dense cover of grass, or a forest of shrubs and trees. Under such 
protective cover the rate of soil loss is not much different f rom the rate of soil format ion. W h e n this 
natural protective vegetat ion is removed or disturbed by burning, clearing, cultivation or grazing, the soil 
is exposed to the direct action of rain and wind . Then soil can be washed or b lown away at a faster 
rate than the rate at which it is forming. This is known as accelerated erosion and is often caused by 
human activity. The obvious signs of accelerated soil erosion are rivers and streams swol len with muddy 
waters, silting of reservoirs, deep and wide gullies, and exposed bedrock. 
17.2 NATURE OF SOIL 
Soils are formed in the weathered outer crust on the Earth's surface. They include both mineral and 
organic matter. The characteristics of a soil depend on its parent material , climatic inf luences, and 
vegetal cover. Accordingly soils vary widely from place to place. Soils are character ized on the basis 
of physical , chemical and morphological propert ies. Some soils are more resistant to erosion^than 
others. The degree to which a soil is subject to erosion is called the erodibility of the soil. Erodibility 
is inf luenced by such factors as soil texture and structure, content of organic matter and chemical 
composi t ion. 
The inorganic or mineral part of soils consists of particles of varying size. According to size, particles 
are classif ied as gravel (less than 2 mm) sand (2 - .02mm), silt (.02 - .002mm) and clay particles (less 
than .002mm). The relative proportion of sand, silt and clay in the soil determine the texture of different 
soils. 
Organic matter in the soil is mainly derived f rom the plant cover. It is of great importance for soil quality 
because of its ability to produce soils with an open, porous, but water retentive structure. Organic matter 
acts like a sponge, absorbing and retaining much water. Soils with a high content of organic matter and 
well developed structure are very resistant to erosion. 
In sandy soils, sand is dominant . These are light textured, easily worked and allow rapid infiltration of 
rain. In clay soils, clay is dominant. These are heavy soils which are hard to work. The best soils are 
loamy soils. Here the proportions of clay, sand and silt are about equal . They can be worked easily. 
17.3 CAUSES OF SOIL EROSION 
Intensity of soil erosion is influenced by a number of factors such as inherent soil propert ies, steepness 
and length of s lope, rainfall intensity, and land use and cultivation practices. Both length and steepness 
of slope enhance soil erosion, because of greater flow volume and higher velocity. The amount of soil 
erosion is also governed by the treatment or management it receives. Management includes land use 
and cult ivation practices. For instance, lands may be used for grazing or for growing crops. 
109 
The rate of soil loss is least w h e n the soil surface is completely covered by vegetat ion. For example , in 
a good pasture plants grow close together, covering the whole land surface. The soil is well protected 
f rom rain, running water and wind and soil loss is minimized. 
On the other hand when crops are planted in rows, as for example in the case of maize, tobacco and 
chill i , there is considerable space between plants and between plant rows, where the soil is exposed. 
Further these are usually clean weeded , increasing the danger of erosion. If row crops are planted up 
and d o w n a slope, heavy soil erosion will take place. By planting the crops along the contour, instead, 
the rate of erosion can be greatly reduced. If the crops are planted on ridges on the contour, then soil 
erosion will be reduced even further, because the ridges check the f low of water. 
Any cultural practice that disturbs the soil surface and exposes the soil to the elements, accelerates soil 
erosion. These include tillage up and down the slope, weeding u p and d o w n , and drains along the slope. 
Over grazing is another activity that exposes the soils to rain and wind . Excessive trampl ing by animals 
disturbs the soil surface so that soil movement becomes easier under the effect of erosive agents. The 
cont inuous passage of herds of animals f rom one place to another forms bare paths and tracts which 
can soon develop into gullies through erosion. 
In addit ion to rainfall, other climatic factors that affect soil erosion are temperature and wind. The 
removal of natural vegetat ion for sett lement or for agriculture, exposes the soil to the wind. Also in 
tropical regions, in places where there is no protective cover of natural vegetat ion, organic matter is 
d e c o m p o s e d rapidly due to the high temperature that prevails. In dry periods, bare soils dry up and 
become loose due to destruct ion of the binding organic materials. These soils are easily b lown away by 
winds. Erosion is most serious where the cl imate is characterized by periods of very heavy rainfall 
fol lowing long periods of drought. The loosened soil is carried away by running rain water. The muddy 
flow of most Sri Lankan rivers fol lowing heavy rains is caused in this manner. 
17.4. AGENTS OF SOIL EROSION 
Wind causes soil erosion by picking up fine particles, and transport ing them long distances before finally 
deposit ing the particles. As a result only coarse fragments are left behind which are unproduct ive. Wind 
also causes abrasion through the blasting action of sand grains in suspension. 
W i n d erosion is a c o m m o n problem in flat areas where extreme dry condit ions prevail . Condit ions which 
al low wind erosion to take place are dry loose soil with little or no vegetat ion cover, a relatively level 
surface, and a wind of sufficient velocity. 
In Sri Lanka wind erosion is not a very serious problem. Even the most dry areas receive adequate 
rainfall to maintain at least a scrub vegetat ion, that can protect the soil f rom wind damage . However, 
clearing of very extensive areas and use of power tillage equipment during the dry periods result in some 
loss of finer particles. 
Water is the most important agent of soil erosion. Rainfall causes splash erosion or detachment of soil 
particles and their transportat ion d o w n slope and down stream. Running water on the land surface, in 
streams and rivers carries away soil particles, as sheet or gully erosion. Waves erode shores of seas 
and lakes. Any moving water has the potential to cause erosion. 
In the absence of surface protection, falling raindrops cause dispersal of soil particles and destroy soil 
aggregates. The dispersed fine particles seal up the soil surface and reduce the water absorptive 
capacity of the soi l . The surplus water that cannot move into the soil moves down slope, carrying the 
smaller d ispersed particles with it. As this process continues, surface run-off collects in small rills or 
channels where it's erosive and transporting power are increased. The rills become gullies and gullies 
get progressively deeper and wider. If this process is al lowed to cont inue indefinitely the top soil will be 
completely lost. 
The final result of water erosion is the loss of productive soil . The visible effects on the ground takes 
several forms depending on local condit ions. A thin layer of surface soil may be lost over a wide area 
at early stages of soil erosion (sheet erosion). Rill erosion is clearly visible on slopes and forms small 
streamlets. Gullies are a very distinct feature, varying in depth and width depending on the degree and 
stage of erosion. Rills and gullies may be observed along the roadside on tea plantations in Sri Lanka. 
Figure 17.1 illustrates the different types of erosion of soil . 
17.5. EFFECTS OF SOIL EROSION 
Soil is the med ium for plant growth. It provides water and nutrients for plants. Crop yield is a function 
of growth which is determined by the supply of nutrients and water. Erosion gradually removes the 
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FIGURE 17.1 - DIFFERENT TYPES OF EROSION AS A RESULT OF REMOVAL OF VEGETATION. 
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surface soil layer essential for plant growth. Physical and chemical properties of soil control the supply 
of water and nutrients. Therefore, the sustainability of soil productivity depends on the physical and 
chemical properties of soils. 
Effects on Physical Properties 
Soil erosion affects many of physical properties of the soil such as soil depth, structure, porosity, rainfall 
infiltration rate and total water retention. Gradually the soil will lose its effective depth. Surface soil 
structure is destroyed by the splash and dispersion on rainfall impact. Surface sealing resulting f rom 
rainfall impact reduces the infiltration rate which in turn reduces the available water for storage in the soil. 
The changes in porosity and pore size distribution affect water holding capacity. Erosion of the surface 
layer exposes the sub-soil layers whose texture, structure and consistency are not so favourable for the 
growth of crops. 
Effects on Soil Chemical Properties 
The surface soil layers also referred to as top soils store most of the major and minor plant nutrients. 
Most of the soil organic matter is also present in the first five or ten centimetres of surface soil . The 
immediate effect of erosion is the loss of the top soil and with it essential plant nutrients and nearly all 
the organic matter. Eroded surface soils are liable to become acidic. The loss of cation exchange 
capacity is c o m m o n due the loss of organic matter. 
Changes in Soil Fertility 
The end result of the loss of surface soil through erosion is the removal of a large part of N, P, K, and 
almost all micro-nutr ients. Even if these nutrients are added to the soils their retention is affected by the 
loss of organic matter, for all these nutrients are not held by the mineral fraction alone. 
Impact of Erosion on Productivity 
The reduction of soil depth affects the exploitable soil vo lume which in turn will reduce the amount of 
water that can be extracted and the nutrient supply available. Added nutrients are leached more rapidly 
in eroded soil due to lowered retention capacit ies. Reduced supply of water and of nutrients, together 
cause a decline in productivity. 
17.6 HUMAN ACTIVITIES AND SOIL EROSION 
Cont inuous soil loss occurs even in the absence of any intervention by man. However, natural processes 
of soil formation normally balance the losses. Human activities increase the rate of soil loss beyond the 
rate of soil format ion resulting in a net loss of soil. These activities can be grouped into five categories 
such as mining of minerals, deforestation, production of some crops, animal product ion and human 
sett lement. 
Cutt ing d o w n of trees for t imber and f i rewood is the most c o m m o n form of natural products extraction. 
The activities related to these are clearing of roads and tracts that get t ransformed into water ways during 
rain which carry eroded material. Setting fire to grasslands by hunters creates condit ions for accelerated 
erosion. 
Agriculture is the most important activity of man that has been responsible for widespread soil erosion 
all over the world. Removal of vegetative cover exposes the soils to wind and rain. Crops that do not 
fit the capability of the land and so constitute inappropriate land use invariably lead to soil erosion. 
Unsuitable cultural practices like clean weeding on steep slopes lead to erosion and to the eventual 
destruct ion of arable lands. 
Tradit ional 'chena' or shifting cultivation involves 'cut and burn' or 'slash and burn' type of land clearing 
and seed bed preparat ion. At the beginning of the rainy season the soils are exposed to rains and in 
the absence of conservat ion measures soil loss is excessive. The resulting damage increases with 
increasing slope. Max imum soil loss occurs within the first month of the season, before adequate plant 
cover is establ ished. As fertility declines the chena cycle becomes shorter. W e e d infestation and decline 
in productivity occur. The land then needs to be rested for a long fallow period before it can support 
crops again . 
Planting of row crops requiring wide spacing and clean weeding such as tobacco, when planted on 
sloping lands, without adequate conservat ion measures, are causes of severe soil erosion. 
The til lage method and implements used influence land damage to varying degrees, depending on soil 
propert ies. On the well drained soils of the dry zone, inversion tillage by disk p lough, is considered 
detr imental . Ti l lage that leaves the soils bare increases the risk of erosion. Til lage up and down the 
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slope on sloping lands provide the ideal condit ions tor heavy erosion. On the other hand contour tillage, 
is capable of reducing soil loss. 
An aspect that has received little attention up to now is the damage caused by activities associated with 
human sett lement. Development of building sites and road construct ions have been responsible for a 
great deal of erosion damage , at least, in Sri Lanka. A large part of the sediments carr ied in rivers are 
f rom eroding building sites and road ways. A large volume of run-off is generated at building sites where 
there are no properly designed and constructed drains. Such water usually causes further severe 
erosion in the lands through which it f lows. 
17.7 SOIL CONSERVATION 
Soil conservat ion means the scientific use and protection of land. This includes the proper choice of land 
use and the observance of necessary measures of soil management and erosion control . It means the 
protection of soil against physical loss by erosion and against chemical deteriorat ion, through excessive 
loss of plant nutrients or by accumulat ion of toxic elements. Soil conservat ion does not necessari ly mean 
the maintenance of the lands under natural plant cover without making use of them. Proper land use 
designed to meet the demands of the user, combined with practices that will not accelerate the 
degradat ion processes but rather retard them and improve soil productivity is the goal of soil conservat ion. 
There is adequate information on the processes and the mechan isms of soil erosion to facilitate the 
identification of basic principles of soil conservat ion. Rational land use, efficient management of soils, 
crops and livestock, usually result in good soil conservat ion. Good agronomic practices that lead to 
opt imum levels of production while providing complete protection of the soil surface is the ideal for soil 
conservat ion. Therefore, correct crop selection, plant densit ies, crop maintenance, fertilizer use, planting 
system, tillage on contour or across the slopes, strip cropping, use of crop residues and use of cover 
crops are factors that determine the degree of soil conservat ion. In well managed pastures, correct 
stocking according to the carrying capacity of the pasture can ensure sustainable outputs as well as 
conservat ion of the soil . 
In addit ion to agronomic measures, mechanical measures are necessary on sloping lands where surface 
f lows may not be adequately checked by the agronomic measures alone. W h e n surface cover is 
inadequate to absorb the energy of rain drops, or when flow paths are too long and concentrat ion of flow 
occurs, streamlets with high flow velocities develop. The principle object of mechanical measures is to 
reduce run-off velocities to non erosive levels. This means that flow velocities are incapable of dislodging 
and transport ing soil particles. Constructions to check erosion are usually permanent structures of earth 
work or masonry or combinat ion of both. These include various kinds of terraces, interception or 
diversion drains and check dams. They serve basically to reduce flow velocities and to encourage 
greater infiltration. 
Methods and principles of soil conservat ion referred to above have to be implemented effectively by all 
farmers. Where there is a lack of clear understanding and the will to carry out the necessary measures 
or a lack of investment capability soil degradations will result. This in turn will bring about low farm 
outputs. 
17.8 BENEFITS OF SOIL CONSERVATION 
More often than not farmers are aware that soil erosion is taking place on their own farmland. However, 
there is little or no realization of the fact that a most valuable resource is thus being lost. For better 
appreciat ion of the value of soil conservat ion on site, the farmer must experience an immediate benefit. 
With proper soil conservat ion, the same plot of land could be farmed permanent ly and much more 
intensively, without risking undue damage to the land. Examples are the bench terraces on slopes in 
the hill country, where agriculture has been practiced for centuries, but which still remain productive. In 
contrast adjoining hill s lopes where shifting cultivation has been practiced with no conservat ion measures 
lie abandoned after few seasons of cult ivation. Land improvement because of g o o d conservat ion 
practices enhances the carrying capacity and the ability to support an increase of family size without the 
need for additional farmland. 
Appl icat ion of conservat ion measures is labour intensive and expensive and may be without immediate 
dramatic increases in agricultural out puts. Therefore, conservat ion work should be integrated into 
existing farming systems for benefits to be realized in the long term. For example in the case of paddy 
cultivation the construct ion of bench terraces accepted on a voluntary basis is a highly effective soil and 
water conservat ion measure. The use of crop residues as mulches or laid across the slope to form a 
barrier to the downward movement of soil and water in such manner that planting is not unduly hindered, 
is a cheap and less labour intensive measure. A combinat ion of terraces with hedge rows along the 
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contour is becoming a popular method ot soil conservat ion. This is the basis of sloping agricultural 
land technology or SALT. 
Practical approaches to soil conservat ion depend on the type of soil erosion, the agent responsible for 
erosion, for what purpose the land is used and nature of land use or ownership. In Sri Lanka most 
erosion damage is f rom rain and running water. 
Any approach to control erosion should include measures to prevent falling raindrops directly striking 
bare soil and to control the velocity of running water. Often the natural vegetat ion (grasses or bushes 
or trees) is set on fire, accidentally or wilfully, during extreme dry periods. This makes soil highly 
vulnerable to erosion and every effort should be made to prevent such fires. It soil particles are seen 
in f lowing water f rom one's compound or land then the source should be traced and action taken to 
prevent the soil being washed away. Scour and s lumping are associated with both natural and man 
made drainage ways . 
In all countr ies the State has a very heavy responsibility and a major role to play in achieving soil 
conservat ion objectives. Where forests, grasslands, the coast and other commonly o w n e d amenit ies are 
traditionally and legally the responsibilit ies of the state, a heavy burden falls on the state for overall 
conservat ion planning and legislation. Except the application of conservat ion measures on lands owned 
and used by individuals all other aspects of soil conservat ion fall within the purview of the State. 
A policy of active soil conservation requires many actions by the state. These include survey, classification 
and inventorizing of resources, research on use and management of lands, providing know how on 
conservat ion techniques and training of land users in conservat ion practices, providing technical guidance, 
creat ing awareness a m o n g the public, demonstrat ion of the application of conservat ion measures, 
institutional strengthening with professionals, and funding conservat ion projects. What is required is a 
policy of Integrated Land Care. 
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C H A P T E R 1 8 
THE EMERGING WATER CRISIS 
18.1 THE WORLD'S WATER SUPPLY 
Seen f rom outer space Planet Earth, the Blue Planet, is the most beautiful in the solar system. Its beauty 
derives f rom the fact that much of its surface is covered by water. The presence of water is one of the 
major factors that has made life possible on Earth. 
Because there is so much water in the oceans around us and seemingly large and inexhaustible 
quantit ies of water in the major lakes and rivers, it is often assumed that mankind will never run short 
of water. However, it is now becoming clear that in the decades ahead clean water will become 
increasingly scarce. 
All living systems depend on the availability of water to support and sustain them. The human body 
contains 60 - 80 per cent water. Other terrestrial vertebrates contain around 65 per cent water, fish 
around 80 per cent, algae and other aquatic plants 90 - 95 per cent and terrestrial plants 50 - 75%. 
These figures underl ine how absolutely essential water is for living systems. 
Of all the water on Earth, about 97 per cent is salt water of the ocean, with a salt content ranging from 
about 3 .3% to 3.5%. Over 2 % of the remainder is permanent ly bound in polar ice and glaciers and only 
about 0.5% is potentially available for human use. However only 0 .003% of all the water on earth is 
readilly available for human use in lakes, river and streams (Figure 18.1). As you would know this water 
too is not evenly distributed over the habitable parts of the Earth. Even within a single country the 
distribution of water availability may vary considerably. Figure 18.2 indicates broad patterns of the 
world's water supply. 
Plentiful water is found in Canada, eastern parts of the US, much of Europe and the northern parts of 
Eurasia. North-eastern parts of South Amer ica have a plentiful to adequate supply. In much of the 
African continent and the Middle East, water supply is poor. The same applies to Australia and parts of 
South Asia. 
W h e n water is considered as a resource it is evident that in many parts of the world it is far f rom being 
a readily available, never ending resource. In some regions water is an extremely precious commodity . 
18.2 USES OF WATER 
Water is required for personal use, for agriculture, and for industry. 
The most important personal use is for drinking purposes. The human body must retain a considerable 
proport ion of water. There is a regular loss from the body surface, through the skin, the al imentary canal 
and through urine. This loss has to be compensated for by drinking of water. A normal adult human 
drinks about two litres of water a day. In the absence of water man will not be able to maintain the water 
balance of the body and dehydrat ion takes place. Man can live only for a few days without water 
al though it is possible to survive for about a month without food. Not only has water to be available for 
dr inking but the quality of drinking water has also to be within certain set limits. One cannot, for instance, 
drink sea water. 
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FIGURE 18.1 - P R O P O R T I O N OF F R E S H WATER A V A I L A B L E FOR H U M A N USE. 
F IGURE 18.2 - W O R L D ' S W A T E R SUPPLY 
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Other personal uses include water for cooking, washing and for bathing. Bathing is essential for 
c leansing the body and to cool the body during hot weather. The est imated average use of water by 
a person for a day in Sri Lanka is about 135 litres, of which 9 litres is used for drinking and cooking, 
13 for washing , 68 for bathing and 45 for toilet purposes. The requirements will be different in other more 
developed societies. 
The quantit ies of water that are used in manufactur ing and agriculture are far in excess of the water used 
directly by the populat ion. The average quantities of water used in selected industrial and agricultural 
processes are given in Table 18.1 . 
TABLE 18.1 - WATER REQUIREMENTS FOR CERTAIN ACTIVITIES 
Agriculture d e m a n d s the largest quantity of water. A very large quantity of the water used in crop 
production is lost f rom the plants without being built into any body components . Even greater quantit ies 
of water are used in milk and beef product ion. This is because large quantit ies of feed have to be grown 
in order to support the cattle. The need to supply large quantit ies of water in order to sustain agricultural 
product ion has been recognised for many thousands of years. Irrigation systems first appeared in 
Mesopotamia . Since that t ime irrigation systems have developed in many parts of the wor ld . In our own 
country we have had extensive systems of irrigation dating back many centuries. 
The most rapid expansion of areas, wor ld wide, under irrigation took place in the past two centur ies. In 
the 19th century the extent of land under irrigation, increased f rom about 8 million hectares to about 45 
million hectares. In the mid 1960s the irrigated area worldwide was about 180 million hectares, 
amount ing to approximately 5 per cent of all cult ivated land. 
Though irrigation results in increased productivity, associated water logging and salt accumulat ion have 
led to degradat ion of cult ivated land in many parts of the world. Mill ions of hectares have suffered severe 
damage in countr ies like Iraq, Pakistan and India, and there are some areas in our own country which 
show the effects of salinization. In the long term, the effects of water logging may begin to threaten 
agriculture even more than the effects of inadequate water supply. 
In many countr ies including our own the damming of rivers and construction of reservoirs have been 
used not only for irrigation but also for the generat ion of electricity. Hydropower generat ion does not 
pollute the environment as do some of the other methods of power generat ion. However, the construct ion 
of reservoirs inundates large areas of land destroying habitats and changing the landscape. 
Water is used as a coolant in industry. It may be used in a once through process with an intake and 
outfall in a natural water body like a river, lake or an estuary, or the coolant may pass through a 
re-circulation sys tem. In Sri Lanka the total requirement for industry which stood at 665 mil l ion litres per 
day in 1973 is expected to rise to 2820 million litres per day by the year 2000. 
Figure 18.3 depicts the geometric rise in water d e m a n d for agricultural industrial and municipal uses 
b e t w e e n t h e y e a r s 1700 and 1 9 8 0 . l t should be noted that there is a clear parallel between geometric 
rise in water d e m a n d and geometric rise in populat ion that we have already referred to. (In the Figure 
18.3 consumpt ive use refers to that part of the water which does not return to the environment 
immediately after use.) 
18.3 WATER QUALITY 
The quality of naturally available water varies widely due to natural factors. The propert ies that can vary 
are colour, odour, taste, temperature, dissolved oxygen, salt content, and the load of suspended organic 
and inorganic materials. These properties determine the suitability of the water for different uses. 
Use Amount of Water Used (m3= 1000 litres) 
Drinking water (adult daily) 
Toilet (1 flush) 
Clothes washer (1 load) 
Refine a ton of petroleum 
Produce a ton of f inished steel 
Grow a ton of wheat 
Grow a ton of rice 
Produce a ton of milk 
Produce a ton of beef 
0.001 
0.02 
0.17 
2 - 50 
6 - 270 
300 - 500 
1500 - 2000 
10,000 
20,000 - 50,000 
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Cubic Kilometres per year 
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FIGURE 18.3 - G E O M E T R I C RISE IN WATER DEMAND FOR 
A G R I C U L T U R A L , INDUSTRIAL A N D MUNICIPAL USES. 
As water passes through soil and rock, materials such as silica, calcium carbonate a n d iron dissolve in 
the water. Dissolved substances cause discolouration, make the water hard and give it unpleasant 
odours and tastes. 
Var ious countr ies of the world including Sri Lanka have establ ished standards for the quality of p o t a b l e 
w a t e r (i.e. water used for drinking purposes) . In the developed countries, these standards are rigorously 
fo l lowed and a great majority of the people are suppl ied with safe drinking water. In the developing 
wor ld , s tandards may apply to piped water systems. But the proport ion of the total populat ion having 
access to such systems is smal l . Some of the factors that determine water quality are Biochemical 
Oxygen D e m a n d (BOD), coli form count, dissolved oxygen, pH , chlorides, f luorides, colour and turbidity. 
Ideally potable water would have low values of BOD, neutral pH , and be free of col i form bacteria and 
d issolved salts. 
B O D relates to the amount of organic material in the water. W h e n this material decomposes , it 
c o n s u m e s a part of the dissolved oxygen in the water. 
Col i form count is a measure of faecal pollution, col i form bacteria being found in the gut of man and other 
animals . 
Dissolved oxygen being necessary for aquatic organisms is also an indicator of the water quality. High 
levels of oxygen are related to clean waters and low levels to water that is less pure. 
pH measures the acidity or alkalinity of water. Acidic waters being less desirable for dr inking. 
Colour indicates the presence of undesirable materials. 
Turbidity measures the degree of light penetration in the water and is related to the amount of suspended 
sol ids. 
At present a large part of the world's populat ion, has no access to water in adequate quantity and of 
acceptable quality. Figure 18.4 gives est imates of access to safe dr inking water a n d per capita 
availability wor ldwide. It is est imated that about 3.5 billion people have to subsist on only 50 litres of 
water per person a day. Many millions of people do not have access to clean water as a result of which 
they are subject to disease a n d death. It is est imated that 40,000 children die every day in the world 
as vict ims of diarrhoea and other causes related to water crisis. In Sri Lanka on an average two children 
die each day due to similar causes. The vulnerabil ity of water suppl ies is w o r s e n e d in t imes of natural 
disasters like the major f lood in June 1992 in Colombo. As a result of this f lood children's wards of 
hospitals were filled to overf lowing with diarrhoel patients. The numbers affected would certainly have 
been m u c h larger than those who did f ind their way to the hospitals. 
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% population 
that have 
access to safe 
drinking water 
100% 
31% 
100% 
4 7 % 
78% 
56% 
100% 
75% 
69% 
75% 
58% 
42% 
28% 
95% 
99% 
Countries 
Canada 
Burma 
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Indonesia 
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Yugoslavia 
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Per capita availability of water 
annually in thousands of cubic metres 
FIGURE 18.4 - A C C E S S T O SAFE DRINKING W A T E R A N D PER CAPITA AVAILABIL ITY O F W A T E R 
18.4 WATER AVAILABILITY IN SRI LANKA 
T w o major factors influence the rainfall pattern of the island. Firstly its location north of the Equator 
subjects it to the monsoon systems f rom the southwest and northeast. Secondly due to the south central 
highland massif, the rain from the southwest monsoon deposits on the southwest part of the island. The 
monsoon then blows over the rest of the country as a dry wind. 
The system of 103 rivers drain water in a radial pattern f rom the high watersheds. The river basins cover 
90 per cent of the island. The major rivers are depicted in Figure 9.3 in Chapter 9. Those rivers originate 
and have a good part of their drainage basin - in the wetter parts are p e r e n n i a l while those whose 
drainage basin lie mainly in the dry zone are seasonal . The longest river, the Mahawel i Ganga, drains 
16 per cent of the island and transports water from the wet zone to the dry zone. 
The mean annual rainfall for the island is around 2000 m m . However there are wide differences in the 
annual rainfall received in the different parts of the island. The low and mid country wet zone and the 
montane wet zone, situated in the southwest of the country receive an annual rainfall of 2500 - 5000 m m . 
The dry zone receives an annual rainfall of 1250 - 1900 m m ; and the intermediate zone (including 
the montane intermediate zone) 1900 - 2500 m m . In the arid zone the rainfall is less than 1250 m m . 
In the dry zone there is a dry period f rom May to August when the mean monthly rainfall is less than 
50 m m . In the arid zone the dry period is more intense and more prolonged. 
Every year droughts or f loods occur in some parts of the country. During the period 1980 - 85 annual 
expenditure on drought assistance was rupees 6.35 mill ion. Droughts affected more than 50 per cent 
of the country in 1950 and 1974 and floods affected more than 50 per cent of the country in 1957 and 
1963. In 1992 much of the country faced drought condit ions in the early part of the year while 
unprecedented f loods affected Co lombo and parts of the southwest in June. 
Wi th regard to ground water the largest and most studied aquifers lie in the north and the northwest of 
the country. Information on ground water resources of Sri Lanka is incomplete. 
Wells are the main source of drinking water for the people in the suburban a n d rural areas of Sri Lanka. 
About 75 per cent of the populat ion depends on well water and around 7 per cent obtain water from 
rivers, tanks and other surface sources. Most urban houses have some access to piped water while very 
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few rural houses are served in this manner. Even a m o n g the wells, around 20 per cent are merely holes 
in the ground which are unprotected. Many shal low wells used for drinking water often dry up in the dry 
season and may become polluted in the rainy season. In 14 out of 25 districts of the island more than 
one third of the populat ion have no access to safe drinking water. 
18.5 THE EMERGING CRISIS 
In many parts of the developing world the twin features of rapid populat ion growth and unplanned 
deve lopment have begun to endanger and reduce available water suppl ies. In exploit ing underground 
reserves water extraction has exceeded water recharge. In the search for more land to cultivate in order 
to produce more food, extensive areas of forest have been cleared regardless of the fact that they help 
to trap and store water. Adding to the problems of water scarcity the little water that is available is 
somet imes polluted by industrial effluents and by sewage, exposing populat ions to disease. Evidence 
f rom all over the world indicates that mankind is gradually outstr ipping the l imited water supply and is 
also frequently poisoning the precious fluid. 
18.6 EXAMPLES OF THE WATER CRISIS 
In Ethiopia in the north eastern part of Africa there have been recurrent droughts. During the past 
decade many mill ions of people were subject to undernourishment and starvation. The effects of drought 
have been aggravated by the continuing civil war in the country. One branch of the river Nile arises in 
Ethiopia. To help solve their problem the country would like to divert water from the river. However, 
this would lead to conflict with Egypt and Sudan both of which use the Nile water. Egypt has its own 
problems import ing about 65 per cent of its food while wast ing water through inefficient irrigation 
techniques. At present the Nile supplies water to the Sudde, a swamp of 31500 sq k m . Diversion of 
the river f rom the s w a m p would provide more water for Egypt, but would reduce the s w a m p by 80 per 
cent. 
The huge Nubian sandstone aquifer shared by Egypt and Libya is a source of scarce water, but this 
again may be a cause for dispute between the two countries. A similar situation exists between Israel 
and Jordan which share the Jordan river basin. Israel has perfected water management techniques to 
a high degree. 
Confl icts over the use of water have also developed on the Indian subcontinent. There is a long-standing 
dispute over the Ganges waters between India and Bangladesh. More recently, conflicts arose between 
two Indian states over the use of the waters of the river Cauveri . 
In the old USSR the Aral sea which was once the size of Ireland has shrunk to two-thirds of its original 
size over a period of 30 years, because the lake has been cut off f rom most of its sources of water. The 
water is now loaded with salt and with pesticides creating disease a m o n g mill ions of people. In many 
parts of the old USSR, where it is now known that there were no environmental controls, agriculture and 
industry have brought disaster to lakes and rivers. In eastern Europe the situation was no different. A 
third of Poland's rivers are now unfit for any use. 
All the examples quoted above, and many others, that emerge with each passing year give ample proof 
that mankind is fast exhaust ing the water resources available for human use. The problem is aggravated 
by the populat ion explosion. The need to grow ever increasing quantit ies of food has led to the 
wor ldwide irrigation b o o m that in the last three decades has doubled the area of the land being irrigated. 
In the long run while the d e m a n d for water is increasing large areas of land fed by irrigation water are 
turning unproductive due to s a l i n i z a t i o n . In many parts of the world land hunger is met by deforestation 
and this in turn reduces soil water retention and contributes to creating water shortages. Moreover water 
no longer t rapped by vegetat ion contributes to f loods and to soil erosion during periods of heavy rainfall. 
In the vast A m a z o n region, cutting down of the forests will reduce moisture inputs into the atmosphere 
a n d interfere with this massive rain producing system. In the driest parts of the wor ld , especial ly in Africa, 
land hungry people work on land that is totally unsuitable for agriculture. Drought is c o m m o n and the 
tide of desertif ication advances. In sub-Saharan Africa 70,000 sq km turn into desert every year. 
Water is becoming a scarcer and scarcer commodity . In the future there could be wars between nations 
and peoples over the availability and use of water. 
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C H A P T E R 19 
THE POLLUTION OF NATURAL WATERS 
Changes in the quality of natural waters are constantly occurring as direct and indirect results of human 
activity. Pollution of a water body is said to occur when harmful or undesirable substances, enter it in quantit ies 
in excess of the water body's natural ability to degrade them. W h e n the quantit ies of pollutants are smal l , natural 
biological processes involving bacteria and other organisms and inorganic processes are able to break down 
the pollutants and convert them into harmless substances. This is referred to as the self purifying capability 
of the water body. It is limited by various factors including the size of the water body, quantity of water, the 
rates of input of pollutants a n d occurrence of f lushing. Each natural water body has its o w n limits of tolerance 
for var ious categories of pollutants. 
Water bodies large a n d smal l in various parts of the world were intensely pol luted dur ing the early a n d 
middle years of this century. Some water bodies became almost unusable. Examples are the river T h a m e s 
in England, some of the great lakes of the North Amer ican continent, and water bodies of Central Asia. In a 
number of cases corrective action has restored the water bodies to something like their original quality. For 
instance, the river T h a m e s is now comparat ively c lean. 
The case of Lake Washington can be taken to illustrate how a water body was once degraded and 
then reclaimed. The city of Seattle lies between two major water bodies, Lake Washington to the East and the 
brackish Puget S o u n d to the west. Since the 1930s the lake was used for sewage disposal by the city, a n d 
by the late 1950s it was receiving 76,000 cubic metres of sewage per day. 
Under normal condit ions phosphorus is in short supply and the growth of algal populat ions is kept 
within limits in natural bodies of water. Sewage brings in additional phosphorus to the water al lowing explosive 
algal growth (blooms). As a result blooms of algae began to occur in the lake by mid 1950s. In an attempt 
to save the lake the sewage was diverted f rom the lake into Puget Sound. .The self purifying capacity of Puget 
Sound is much larger than that of Lake Washington which is a relatively isolated body of water. Puget Sound 
exchanges water with the o p e n ocean a n d is f lushed out regularly by strong currents a n d t ides. Over the years 
after it began to receive sewage the water of Puget Sound did not show any ill effects. Meanwhi le after the 
diversion of the sewage, algal b looms decreased in the lake, surface water became clearer and oxygen 
concentrat ion in the deep water increased. Gradually the natural characteristics of the lake were restored. 
The restoration of water quality in Lake Washington was possible because of public concern , proper 
scientific evaluation of the problem and appropriate and timely action. Our own problems too can be solved 
by similar approaches. There are recurrent algal b looms in Beira Lake for instance. Faecal inputs and other 
organic waste which enter the lake a d d phosphorous to the water, tr iggering these algal b looms fo l lowed by 
unpleasant odours , deterioration of water quality and fish mortality. Some means of regular f lushing of the lake 
is required and steps need to be taken to minimize pollution of the water. 
19.1. POLLUTION OF SURFACE WATERS 
Pollutants that enter surface waters may be der ived f rom point sources or non-point sources. Point 
sources are discrete, and are limited in extent. Examples are pipes, f rom industrial and municipal sites 
that empty into rivers or streams. Many point sources are outf lows of sewer systems. Non-point 
sources are more dif fused. Example: the entry into water bodies of eroded soil and pesticides f rom 
agricultural land. In the rural sector non-point sources of pollution are associated with agriculture, mining 
or farming. In the urban sector non-point sources include runoff f rom streets or bare land. These can 
contain all sorts of pollutants from heavy metals to chemicals and sediments . Point sources can be 
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control led by pretreatment of the effluent f rom industries, and regulated by a permit system. Non-point 
sources, by their nature, are difficult to control . Point and non-point sources of water pollution are 
il lustrated in Figure 19 .1 . 
F IGURE 19.1 POINT A N D NON-POINT S O U R C E S OF W A T E R POLLUTION 
19.2 POLLUTION OF GROUND WATER 
Ground water is recharged by precipitation and by infiltration f rom surface waters. T h e water passes 
through the soil and is filtered by it. The soil takes away materials contained in the water but the water 
in turn dissolves out materials that are found in the soil. Polluting materials and toxic materials in the 
soil can thus concentrate in the ground water. Some examples are ferrous hydroxide which colours the 
water brown, calcium carbonate which contributes to hardness, hydrogen sulphide which produces a bad 
odour. Polluting materials from human activity whether agricultural, industrial or urban, can reach the 
ground water. 
Unlike surface water bodies ground water has a very limited self-purifying capacity with regard to 
chemical substances. The soil acts as a filter for solid materials and microorganisms. Dissolved 
chemicals will accumulate giving each ground water body a unique chemical characteristic. A good 
example of accumulat ion of chemicals is ground water in the l imestone systems of the Kalpitiya 
Peninsula and the Jaffna Peninsula. In these regions excessive use of fertilisers has led to the 
dangerous accumulat ion of nitrates in the ground water system. 
19.3 BOD AND COLIFORM COUNT 
The quality of any water body as a medium for life and as a resource for other uses is closely tied up 
with the amount of oxygen that is dissolved in the water. W h e n there is dead organic matter in the water, 
bacter ia act o n this matter caus ing decay. The process of decay requires oxygen . Organic matter can 
reach a water body from natural sources. It also comes f rom agricultural land and urban sewage. If 
the organic load in the water is high, the d e m a n d for the oxygen by the decaying process is also high. 
The measure of this d e m a n d is referred to as the biochemical oxygen demand or BOD. This is one 
of the major parameters that are measured in assessing water quality. W h e n the BOD rises above 
certain levels the water body becomes 'dead' because its oxygen content gets so depleted that it is 
unable to support most forms of life. BOD is measured usually as mil l igrams of oxygen consumed per 
litre of water over a 5-day period at a standard temperature of 20°C. 
Another standard measure of water quality is the coliform count. Coliform bacteria are present in very 
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large numbers in the human intestine and are carried out by human faeces. Col i form count is a standard 
measure of faecal pollution of waters. 
19.4 EUTROPHICATION 
The changes that took place in Lake Washington referred to earlier and the changes that take place in 
the Beira lake, and more recently, in the Kotmale reservoir are examples of eutrophication. The word 
eutrophy refers to the presence of large quantities of the basic nutrients required for plant growth -
phosphates and nitrates. In natural systems sufficient quantit ies of nitrates are usually available. The 
quantit ies of phosphates is usually low. Normally plant growth is l imited by available phosphates i.e. 
phosphate is a limiting factor. Faecal pollution, sewage inputs and agricultural runoff, bring large 
quantit ies of phosphates to the water bodies. Eutrophication results and leads to explosive growth of 
algae producing algal b looms. Subsequent ly algae die, settle and decay. Toxic substances are 
produced. The process of decay consumes oxygen. Without oxygen the normal biota of the water body 
cannot be supported. As a result an originally productive system becomes lifeless. The Figure 19.2 
illustrates the various sources f rom which a water body can derive an overload of nutrients. Figure 19.3 
shows the sequence of changes during eutrophication of a water body. 
19.5 CAUSES OF POLLUTION 
Water pollution can be caused broadly by inputs from industrial activity, agricultural activity and urbanization. 
19.5.1. Water Pollution due to Industrial Activity 
Industrial establ ishments require water. Water may be used as part of the industrial process or it may 
be used for cooling the system. Water used in the industrial process and then d ischarged as waste water 
contains chemicals and various kinds of organic wastes. This water cause chemical pollution and 
degrade the quality of receiving waters. The degree of deterioration depends on the nature of the 
pollutants and the load of waste water released into the water body. Water used for cool ing itself gets 
heated to levels above the normal environmental temperature. Release of such water causes thermal 
pollution in the receiving waters. The high temperatures can kill part of the biota or result in mobile 
organisms moving away from the location. 
19.5.2. Water Pollution due to Agricultural Activities 
(a) Fertilizers 
Application of plant nutrients such as phosphates, nitrates and potassium is a c o m m o n practice 
in agriculture. Water draining out of agricultural lands carries away some of these nutrients in 
solut ion. W h e n this water enters a water body it enriches the water body and causes algal 
b looms and growth of aquatic weeds. Water weeds clog irrigation systems and algal b looms 
degrade the quality of the water. 
(b) Pesticides and weed killers 
In addit ion to nutrients, agricultural wastes contain residues of pesticides. Pesticides are 
chemicals used for the control of pests such as insects, worms , and other organisms that cause 
damage to agricultural crops. When used in excess pesticides find their way into streams, rivers 
and reservoirs. Accumulat ion of residues of pesticides in aquatic organisms is well known and 
may cause acute toxic effects in fish and other forms of life. Certain weed killers also behave 
similarly. 
19.5.3. Water Pollution due to Urbanization 
(a) Domestic Solid Wastes 
Rapid expansion of population has resulted in an increase in the amounts of domest ic solid 
wastes. Municipal and domestic solid wastes mainly consist of organic matter, and much of it 
often ends up in water bodies. Decaying organic matter releases nutrients such as nitrates, 
phosphates and sulphates. This enriches the nutrient status of the water bodies causing 
eu t roph ica t ion with all the a s s o c i a t e d p r o b l e m s . Domest ic sol id w a s t e s a lso include 
non-degradable plastic bags and wrappers. These may be thrown into water bodies causing 
accumulat ion of other organic materials increasing pollution. 
(b) Sewage Wastes 
Release of faecal matter (sewage) into water bodies introduces pathogenic organisms into both 
surface and ground water. The level of nutrients in the water also increases. Pathogenic 
bacteria, viruses and other parasites can cause disease. In many urban areas, in developing 
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countr ies, poorly treated sewage or untreated sewage is d ischarged into waterways. 
In rural areas bacterial contaminat ion comes f rom poor toilet facilities and animal wastes. 
Leaking cess pits, badly constructed septic tanks and pit latrines can allow pathogenic organisms 
to contaminate ground water. Figure 19.4 represents how ground water systems can be polluted 
by sewage. It also shows pollution f rom garbage dumps and landfills. 
Natural Runoff 
(nitrates and phosphates) 
Agriculture 
(nitrates, phosphates, ammonia) 
Untreated Sewage 
(nitrates and phosphates) 
Lake Ecosystem 
Nutrient Overload 
Erosion - Sediment 
Treated Sewage 
(nitrates and phosphates) 
Detergents 
(phosphates) 
FIGURE 19.2 - S O U R C E S F R O M W H I C H A W A T E R BODY DERIVES O V E R L O A D O F NUTRIENTS 
19.6. WATER POLLUTION IN SRI LANKA 
The main sources of water pollution in Sri Lanka are untreated industrial wastes, agrochemicals , and 
human sett lements. 
19.6.1. Pollution caused by Industrial Wastes 
Industrial development projects were established at different t imes in different areas of Sri Lanka. 
Industrial zones have been established in Moratuwa, Ratmalana, Atchuvely (Northern Province) 
and Ekala. Different amounts of water for processing, cleaning and cooling are used by different 
industries. In Sri Lanka most of the industries release waste water into the environment without 
treatment. Untreated wastes, hazardous to health and degrading the environment, are generated, 
f rom the fol lowing categories of industries in Sri Lanka. 
(a) Milk and food processing 
(b) Textile and rubber 
(c) Paper and pulp 
(d) Tanner ies 
(e) Formulat ion of fertilizers and pesticides. 
Surface water pollution due to the release of untreated effluents is seen for instance in the Kelani river. 
The river receives large quantit ies of industrial effluents from many factories. A m o n g them are the 
Pugoda Textile mills and the Ceylon Petroleum Corporation both of which release their effluents after 
treatment, whereas the many others release raw industrial wastes. Figure 19.5 and 19.6 indicate 
sources of major pollution in the Kelani Ganga. 
Black liquor, f rom paper factories in Embilipitiya and Valaichchenai, pollutes water bodies for a considerable 
distance f rom the source. It destroys much of the animal and plant life in the areas where pollution levels 
are high. 
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A l g a l b l o o m 
FIGURE 19.3 - S E Q U E N C E O F C H A N G E S THAT OCCUR DURING E U T R O P H I C A T I O N 
Industrial establ ishments in the Ratmalana area have polluted nearly all the water bodies in the area 
causing problems for the residents. Dyes released f rom textile industries are c o m m o n and pollute the 
water in many locations in the island. 
A l though, there are no proper estimates of the inputs of heavy metals to water bodies in Sri Lanka, metal 
plating factories, laboratories, petroleum residues etc produce waste containing heavy metals. Products 
such as discarded batteries can also release heavy metals into the environment. 
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FIGURE 19.4 - MAJOR S O U R C E S OF G R O U N D W A T E R C O N T A M I N A T I O N 
Sewage pumping 
10.000 
Tanneries 
700 
FIGURE 19.5 - SOURCES OF POLLUTION IN THE KELANI RIVER 
Ground water pollution due to industrial activities has been detected in many places around Colombo. 
The Ratmalana Industrial Zone and the area in the vicinity of Hunupit iya fertilizer storage complex are 
well known affected areas. In some suburban areas, pollution of ground water by numerous small 
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industries such as batik dyeing has made well water in their vicinity undrinkable. 
19.6.2. Pollution Caused by Agrochemicals 
(a) Fertilizers 
The major source of nitrates and phosphates in surface waters is leachate f rom farm lands and 
paddy fields. Nutrient rich water drained from the agricultural lands in the catchment has 
resulted in blue green algal blooms (Microcystis sp) in Kotmale reservoir in the recent past. 
Castlereigh and Mousakel le reservoirs are also showing signs of eutrophic changes . Nutrient 
enr ichment in many water bodies is increased by the discharge into them of human wastes. 
Blue green algal b looms have created problems, and mass fish kills have occurred in the Beira 
lake on several occasions. 
(b) Pesticides 
Sri Lanka being an agricultural country, a considerable amount of water pollution may occur due 
to the excess application of pesticides. Residues of pesticides can easily f ind their way into 
streams, rivers and reservoirs. The acute toxic effects to fish and other aquatic life due to 
pesticide residues have not yet been reported in Sri Lanka. However, long term negative impacts 
will have to be expected. 
19.6.3. Water Pollution by Human Settlements 
Pollution of water in rivers, streams, lakes and the surrounding sea is widespread due to the release of 
a wide range of domest ic wastes. Sewage, garbage and food wastes are the commonest pollutants 
associated with human sett lements. 
(a) Bacterial Contamination 
Disposal of sewage is a serious problem in the cities due to the rapid expansion of populat ion. 
Somet imes, untreated sewage is discharged into rivers or other water bodies. In addit ion, s lum 
dwellers dump their domestic refuse, garbage and night soil into water ways. Hence contamination 
of inland surface waters by pathogenic organisms is a very c o m m o n problem in the island. The 
Beira lake receives sewage from lavatories put up by shanty dwellers directly over the lake. This 
type of pollution results in the spread of human pathogens in urban areas. Discharges and 
overf low of poorly treated sewage discharges and overf lows during t imes of heavy rainfall can 
also become sources of bacterial contaminat ion. 
(b) Solid Wastes 
Dumping of solid wastes such as silages, plastics, metal cuttings and tailings is a c o m m o n 
practice. These wastes are also responsible for pollution of water bodies. Besides being 
unsightly they tend to blanket and destroy bottom flora as they settle. St. Sebast ian canal which 
connects Kelani river and Beira Lake has suffered due to the dumping of solid wastes. The 
traditional practice of collecting and open burning at disposal sites (low lying areas) too poses 
a considerable threat to ground water quality. In addit ion, solid wastes from some factories are 
often heaped around the factory premises. Liquids leaching out of these wastes pose a threat 
to the ground water quality in the area. 
19.7 POLLUTION CAUSED BY OIL 
The spillage of oil onto surface water is of growing concern. It is caused by accidents during transport, 
by storage failure, by negl igence in the handling of oil. In addit ion, waste oil f rom garages and factories 
often finds its way into storm water drains and end up in water bodies. The formation of an oil f i lm on 
the surface of a water body reduces the gas exchange between air and water. This in turn reduces the 
concentrat ion of dissolved oxygen in the water, badly affecting living organisms. 
Contaminat ion of ground water due to leakage from an oil pipe line was found in the vicinity of the 
Petroleum Corporat ion at Sapugaskande in early 1988. Pollution of ground water by oil was also reported 
after a train accident at Balana in 1985. Routine tanker operat ions, general shipping operat ions, and 
deblast ing activities, cause the greatest amount of oil pollution in coastal waters. 
127 
FIGURE 19.6 - W A T E R P O L L U T I O N IMPACTS O N THE KELANI RIVER B E F O R E O C E A N O U T F A L L 
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C H A P T E R 20 
THE POLLUTION OF ATMOSPHERE 
20.1 STRUCTURE AND CIRCULATION OF ATMOSPHERE 
The a tmosphere is the blanket of gases that surrounds the Earth. It has a vertical structure determined 
by temperature variat ions. The lowest layer is the troposphere which extends to an altitude of 10 - 12 
km. There is a uniform decline of temperature in the troposphere with increase in altitude. Most of the 
p h e n o m e n a that control cl imate and air circulation take place in this layer. Above the troposphere is 
the stratosphere extending up to about 50 km characterised by increasing temperatures with increase 
in altitude which rise to almost 0°C. In the stratosphere between heights of 15 to about 30 km is a layer 
of ozone which is an important shield for ultraviolet radiation f rom the sun. The atmosphere becomes 
less and less dense with increase in altitude and finally fades into interplanetary space above an altitude 
of about 10,000 km. A simplif ied diagram of the vertical structure of the a tmosphere is given in Figure 
2 0 . 1 . 
The a tmosphere surrounding the Earth is in constant movement a n d shows patterns of circulat ion which 
may be global regional or local. Such circulation could carry materials introduced at one point of the 
atmosphere to another over a longer or a shorter distance. The atmosphere is composed of air which 
in turn is c o m p o s e d chiefly of nitrogen, oxygen, carbon dioxide and water vapour together with minute 
quantit ies, of gases which are referred to as inert gases. 
The circulation of the atmosphere is driven by solar energy. Heating of the a tmosphere takes place in 
a clearly recognisable pattern. Equatorial regions receive the most amount of solar energy while the 
polar regions receive the least. Between the poles and the equator there is a horizontal temperature 
gradient. As descr ibed above there is also a vertical temperature gradient in the atmosphere . These 
temperature gradients and the pressure differentials that they cause drive the large scale movements of 
the atmosphere . Hot air is lighter than cold air and tends to rise up. When the rising air is cooled, it 
becomes denser and tends to move down again. Over the equator and near it, hot air rises and moves 
polewards, descending in the middle latitudes. Surface air f rom the middle latitudes moves to replace 
air rising over the equator. The rotation of the Earth tends to move the air in an east west direction. 
In this manner the large scale circulation patterns and major wind systems of the Earth are establ ished. 
Atmospher ic circulation patterns are influenced by the distribution of land and water as the heating 
characterist ics of these differ f rom one another. Most of the land on earth is in the Northern hemisphere 
and water in the South. There are differences in the land and water distribution between the Western 
and Eastern hemispheres as well . These cause different regional patterns of circulation which are 
associated with cl imate and rainfall. One such pattern generates the monsoon systems of South and 
South East Asia. The Southwest monsoon collects and delivers water f rom the SouthWest Indian ocean 
as monsoonal rains. The Southern Oscillation is a regional pattern in the Pacific between Indonesia 
and the Amer icas. The El-Nino phenomenon which appears f rom t ime to time and disrupts weather 
patterns wor ldwide is associated with the Southern Oscil lation. 
Local circulations especially at lower altitudes are influenced by features such as topography, vegetat ion, 
man-made structures and water bodies. 
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F G U R E 20.1 - VERTICAL S T R U C T U R E O F T H E A T M O S P H E R E 
20.2. WHAT IS ATMOSPHERIC POLLUTION? 
Atmospheric pollution is the presence in the atmosphere of one or more foreign materials, such as 
dust, fumes, gases, mist or smoke, in quantit ies and in durations which are injurious to human, plant or 
animal life or to property. A gas like carbon dioxide which is a normal constituent of the atmosphere 
can in certain c i rcumstances, become a pollutant, when its concentrat ions increase to levels that threaten 
the wel l -being of living things or disrupt physical or biological processes. 
Air pollution is as old as civilization itself. The first air pollution incident took place, when early humans 
made fire in a poorly venti lated cave or set fire to a dry forest. But it was the growth of industries after 
the Industrial Revolut ion that became the largest engine of air pollution first in England, Europe and then 
spread to the other parts of the world. 
20.3. TYPES OF AIR POLLUTANTS 
Basically air pollutants can be divided into two categories as primary and secondary. Primary pollutants 
get into the a tmosphere directly by var ious processes. Major port ion of this is added to the atmosphere 
due to the burning of fossil fuels in transport vehicles and by industries. Carbon monoxide , carbon 
dioxide, sulphur oxides and hydrocarbons are some examples of primary pollutants. Secondary 
pollutants are those formed in the atmosphere through various chemical reactions. Some of the primary 
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pollutants undergo chemical reactions once they are in the atmosphere and produce secondary pollutants. 
For example, oxides of sulphur will react with atmospheric water vapour and produce acids. This way 
acid rain is produced and it leads to disruption of various ecosystems. Another example is the smog 
produced by the action of sunlight on automobile exhaust introduced into the a tmosphere . 
Air pollutants can be either in the form of gases or in the form of particles. Some of the c o m m o n gaseous 
pollutants are carbon dioxide, oxides of sulphur, oxides of nitrogen, methane and ozone. Particulate 
pollutants include dust, fumes, mist, smoke and sprays. 
Dust particles get into the atmosphere when materials are being handled or processed. Dust from 
cement , coal and bricks and sawdust from w o o d working are a few examples of such particulate 
pollutants. Fumes and mist are solid particles, formed in the atmosphere due to condensat ion of vapours 
by subl imat ion or chemical reaction processes. Smoke particles are formed as a result of incomplete 
combust ion of carbonaceous materials. Liquid particles referred to as spray are formed by the 
atomizat ion of a parent liquid. 
20.4. SOURCES OF AIR POLLUTANTS 
Some pollutants are formed and emitted by natural processes. Pollen grains f rom f lowers, smoke 
particles f rom natural forest fires, dust f rom volcanic eruptions and wind-b lown dust are examples of 
particulates of natural origin. There are also naturally occurring gases such as nitrogen oxides and 
methane. 
Man-made sources of pollutants can be considered under stationary combust ion processes, transportation, 
industrial and the agricultural processes. 
W h e n fuel such as oil br coal is used in power plants, for example, gaseous and particulate pollutants 
are emitted into the atmosphere . These pollutants consist of a mixture of particulates such as fly ash 
and smoke , and gases such as the oxides of sulphur and nitrogen. Carbon monoxide , and carbon 
dioxide are also produced in combust ion processes. 
In transportat ion, particularly from automobi les, the pollutants are emitted into the a tmosphere near 
ground level. In United States alone vehicles emit more than 110 mill ion tons of major air pollutants per 
year. These pollutants include particulates such as smoke and lead and gases like carbon monoxide, 
carbon dioxide, nitrogen oxides, and hydrocarbons. These pollutants are high in concentrat ion around 
traffic light junct ions in the cities. 
In industrial processes, depending on the type of energy material used, a wide range of pollutants are 
emitted. If the industry burns oil as its energy source, smoke, carbon monoxide , carbon dioxide, sulphur 
oxides and nitrogen oxides will be emitted to the atmosphere. Since industries are stationary sources, 
the concentrat ions close to the industrial plants will be high and the pollutants will be dispersed into the 
general environment depending on the prevail ing meteorological condit ions. 
In Sri Lanka a large per centage of the energy consumed comes f rom fue lwood. Burning of fue lwood, 
used for industrial purposes or domest ic use, also produces pollutants. Var ious agricultural activities 
such as crop dust ing add particulate pollutants to the atmosphere . Burning of forests for chena 
cult ivation can be grouped into this category, as wel l . Burning of refuse in the open and burning dumps 
of refuse reduce solid wastes, but produce a variety of air pollutants. 
20.5. SPREAD OF POLLUTANTS i 
Air pollutants are especially dangerous when atmospheric condit ions favour their concentrat ion locally. 
Once pollutants are emitted into the atmosphere , their concentrat ions usually begin to decl ine. The rate 
of decrease in concentrat ion i.e. dilution, is determined in part by the extent to which pollutants mix with 
clean air: the rate of dilution being proportional to the rate of mixing. Since the pollutants cannot be 
extracted f rom the atmosphere , the only solution is dilution or dispersion. Dispersion which helps dilution 
is control led by atmospher ic movement . W h e n condit ions in the a tmosphere favour rapid dilution, the 
immediate impact of air pollution is usually minor. On other occasions, some atmospher ic condit ions 
minimize dilution, and the impact of air pollution can then be severe, particularly on human health. 
The weather condit ions that influence the rate of dilution most are the wind speed and direction, and 
atmospher ic stability. 
Wind speed and direction 
Air is likely to be mixed more thoroughly on a windy day than on a calm day. W h e n it is windy, polluted 
air, mixes with clean air and thereby increases dilution. But when there is no wind or when the wind 
is light, dilution is by the slow process of diffusion. As a general rule, with every doubl ing of wind speed, 
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FIGURE 20.2 - EFFECT OF DOUBLING OF WIND SPEED ON THE 
CONCENTRATION OF AIR POLLUTANTS 
the concentrat ion of air pollutants gets reduced by half. This is il lustrated in figure 20.2. If the direction 
of the wind is towards a wall or a mounta in , pollutants will accumulate close to the obstacle thus 
increasing the concentrat ion of pollutants. Similarly if the winds are down a slope into a valley higher 
concentrat ions will occur in the valley (Figure 20.3). 
Rain reduces the concentrat ions of air pol lutants by washing pollutants to the ground. Over Sri Lanka 
we receive rainfall almost throughout the year. Monsoon rain takes place in the Southwestern part of 
the country f rom May to September. Thunderstorm type of rain is produced during March - April and 
October - November , s o m e rain occurs dur ing the remaining months of December, January and 
February. Therefore natural cleansing of the atmosphere takes place over Sri Lanka during most of the 
year. 
W i n d speed at low elevations is inf luenced by surface friction. In a city, w ind speed is reduced by the 
rough surface created by the topography of tall buildings and narrow streets. The average wind speeds 
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Temperature inversion 
Industrial city at A will emit pollutants and they will be trapped under 
the inversion. Wind direction as shown will enhance the trapping and 
the pollution concentration will increase. 
Concentration of pollutants will be high under a temperature 
inversion in a valley. 
FIGURE 20.3 RELATIONSHIP B E T W E E N DIRECTION OF W I N D A N D C O N C E N T R A T I O N O F 
P O L L U T A N T S . 
may be 25 per cent s lower within a city than in the surrounding areas. Therefore the dilution of air 
pollutants by wind is less efficient in urban localities. This is especially significant as these are the very 
areas where most of the pollutants are generated. 
Another consequence of the frictional interaction of the wind with obstacles on the Earth's surface is the 
format ion of zones of light and irregular winds that can trap air pollutants. Horizontal winds break into 
turbulent eddies downwind of an obstacle such as a building a n d tend to trap contaminants o n the lee 
side. 
Atmospheric stability 
In the normal a tmosphere the temperature decreases with height. However the stability depends on the 
rate of decrease. If the temperature drop is very rapid the atmosphere becomes very unstable. Stability 
affects vertical mot ion within the atmosphere. Convect ion and turbulence are active when the air is 
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unstable. They are restricted when the air is stable. The stability of air thus inf luences the rate at which 
polluted air mixes with clean air. A cloud of polluted air such as a puff of smoke, emitted into an unstable 
a tmosphere undergoes more mixing than does the same cloud of polluted air emitted into stable 
a tmosphere . Stable a tmosphere inhibits the upward transport of air pol lutants, and a layer of stable air 
aloft may act as a lid over the lower atmosphere to trap air pollutants. Thus , a continual emission of 
contaminants into stable air results in the accumulat ion and concentrat ion of pollutants. 
Within an air layer characterized by a temperature inversion, air temperatures increase with altitude (the 
inverse of the normal situation in the troposphere) . In such situations w a r m light air overlies cooler, 
denser air. This is an extremely stable situation that strongly inhibits mixing and dilution (Figure 20.4). 
Apart f rom the atmospheric condit ions, the amount of pollutants at a site depends on other factors 
relevant to emissions. These are the rates of emission and physical and chemical nature of pollutants. 
In addit ion, the characteristics such as the shape of the emission area, the duration of the release and 
the height of emission of pollutants are also important factors. Valleys are often preferred sites for 
manufactur ing industries due to easy access to water and transportat ion, but will have a negative effect 
on air quality. 
Unsuitable atmosphere enhance 
convection efficient mixing (A) 
B 
The temperature inversion acts as 
a lid over the lower atmosphere 
trapping air pollutants (B) 
FIGURE 20.4 - EFFECT OF ALTITUDE O N C IRCULATION O F P O L L U T A N T S 
20.6. AIR QUALITY STANDARDS 
Air quality s tandards and guidel ine values have been establ ished for the protection of h u m a n health and 
for the avoidance of adverse environmental effects. Air quality standards are legally enforceable. Wor ld 
Health Organisat ion (WHO) has formulated a range of air quality guidel ines. 
20.7. NEED FOR CONTROL OF AIR QUALITY 
In December 1930 a blanket of s m o g hung over the Meuse valley in Belgium. As a result 63 people were 
kil led a n d about 6000 people became ill. Pennsylvania, USA, had a similar exper ience in October 1948. 
Almost 6000 of the town's 14000 population became ill, and 20 died. In a tragic air pollution episode 
in London in December 1952, more than 4000 deaths occurred in five days. Many similar incidents have 
been recorded in the recent past. Radiation which resulted f rom an accident at the Chernobyl (USSR) 
nuclear power plant was carried by air currents half-way across the globe. Closer to Sri Lanka, in Bhopal 
India, poisonous gas leak f rom a pesticide factory affected a vast area. There were no ways of 
control l ing the gas pollutants after the incident occurred and thousands of people died. 
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Everyone agrees on the need for reducing atmospheric pollution but this is not an easy task. It requires 
more knowledge, more effort, and more compromises . Human activities like energy product ion and 
distr ibution, transportat ion, industry and intensive agriculture are all necessary evils that are likely to 
increase the level of pollution. Hence, it is necessary to take all necessary steps to minimize the adverse 
effects of those activities. 
20.8. LARGE SCALE ATMOSPHERIC POLLUTION 
Human activity has brought about certain changes in atmospheric composi t ion which have global impacts 
and long term effects. These include the 'Green House Effect', brought about by an increase in the 
concentrat ion of carbon dioxide and other green house gases in the atmosphere and ozone depletion 
brought about by introduction into the atmosphere of chemical substances such as chlorof luorocarbons. 
These problems are dealt with in the Chapter on Global Environmental Problems. A third problem that 
has a long range effect is acid rain which will be discussed later. Nuclear accidents, such as the 
Chernobyl disaster in the old USSR, also cause the dispersal of highly dangerous radioactive waste 
through atmospheric circulation. This has been referred to in the Chapter on Industrial ization. 
Acid Rain 
In many of the industrialized countries large quantit ies of gases such as sulphur dioxide and oxides of 
nitrogen are emitted into the atmosphere. In the atmosphere these oxides combine with water vapour 
to form droplets of acids such as sulphuric and nitric. 
W e have already described in this chapter the different patterns of circulation in the atmosphere . The 
acids that are formed at one place can be carried in the global circulation, regional circulation and in the 
local circulat ion. The acid droplets being light, can be transported over long distances. Thus the gases 
injected into the atmosphere in one country may be precipitated as acid rain in a country that is far away. 
There have been debates and discussions between the United States and Canada about the problem 
of acid rain. The Canadians feel that their forests are being destroyed by acid rain which has its origin 
in the United States thereby causing serious environmental problems. 
Large extents of forests in Germany and in other parts of Europe have been affected by acid rain. Acid 
destroys living t issue including shoots resulting in die-back of forest trees. As a result b lackened trees 
with only bare branches remain in areas which were once covered with luxuriant forests. 
It is mostly the developed countries that are affected by acid rain. In order to reduce acid rain expensive 
technologies have to be built into the manufactur ing processes. In many such countr ies there is great 
public interest and awareness about the problem and strong and effective environmental legislation have 
been formulated to control acid rain. Expensive technologies have to be incorporated into the manufacturing 
processes to reduce the emission of substances that cause acid rain. 
The situation is different in developing countries. On the one hand, economic growth in these countries 
is closely associated with programmes of rapid industrialization. On the other hand many of these 
countries being poor, cannot afford to introduce environmental friendly technologies which are expensive. 
Further commercia l concerns often deliver to the less developed countr ies outdated technologies and 
technologies which will not be acceptable under the environmental regulations of their own countr ies and 
in other developed countr ies. 
Therefore though the problems of acid rain in many less developed countries is not a major one at the 
present moment , it is likely to become important in the next few decades. This will apply also to all other 
aspects of air pollution. 
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C H A P T E R 21 
POVERTY AND ENVIRONMENTAL DEGRADATION 
21.1. BACKGROUND 
Poverty can be def ined as deprivat ion of the basic needs of h u m a n life such as food , c lothing, shelter, 
educat ion and health (including access to immunizat ion, basic sanitary facilities and safe drinking water) . 
The recommended daily intake of food by a healthy, active adult should supply 2250 calories. One of 
the c o m m o n consequences of acute poverty is an intake much below this leading to malnutr i t ion. Calorie 
intake is thus one indicator of the level of poverty. 
In this chapter, the close connect ion between poverty and environmental degradat ion wil l be e laborated 
and this will be done mainly with reference to the less developed countries (LDCs). 
The world reached a populat ion of more than 5.2 billion by 1989. Of this, 41 of the lowest income 
countries account for 3 billion or nearly 60 per cent. This 60 per cent of the populat ion has only 4.8 per 
cent of the world income, as measured by the Gross Domestic Product (GDP). The per capita income 
in these countr ies is us $330 in compar ison with US $ 18330 for high income countr ies, wi th a wor ld 
average of US $ 3980. 
The South Asian Region is one of the poorest regions in the wor ld . The per capita income varies f rom 
US $ 180 in Bangladesh to US $ 430 in Sri Lanka with an average of US $ 320 for the region. This 
region contains one fifth of the world population with half of the world's poor. Typically the economics 
of less deve loped low income countr ies, are character ized by a predominance of- agriculture, a 
proportionately high rural populat ion, and an inadequacy of infrastructural facilities such as transport, 
communicat ions and electricity. 
Sri Lanka is no exception to this. It is an island of 65600 sq. km (25300 sq. miles) with a populat ion 
of 17 million (mid 1990 est imated on the basis of 1981 census) . Agriculture contributes nearly 30 per 
cent of G D P . Three fourths of the populat ion live in rural areas and are mainly engaged in agriculture 
and related activities. 
It has been est imated that in 1980/81 , 23 per cent of Sri Lanka's total populat ion and 28 per cent of its 
rural sector were below the poverty line, while 50 per cent, 43 per cent and 33 per cent of the households 
in the urban, rural and estate sectors respectively had an intake of calories below min imum requirements. 
Thus one third to one half of Sri Lanka's populat ion was below the poverty line in 1980 /81 . The incidence 
of poverty as reflected by the numbers covered by the Food Stamp Scheme (FSS) in 1983 suggests a 
f igure of 7 million or half of the populat ion or approximately 1.4 million famil ies. Real incomes have not 
risen significantly since 1983 to have changed the situation. The Janasaviya Programme (JSP), a novel 
poverty alleviation programme (commenced in October 1989), is gradually replacing the FSS. It is also 
work ing towards a target of around 1.4 million families below the poverty line of a monthly income of Rs. 
700 per household . 
21.2. POPULATION GROWTH AND ENVIRONMENTAL DEGRADATION 
The world populat ion doubled between 1945 and 1988 as increased life expectancy (males 71.4, females 
74.4) outweighed the decrease in birth rate during this per iod. More than two thirds of this increase took 
place in developing countr ies. A rapidly growing populat ion exerts pressure o n the environment . 
However, populat ion is a major resource of which too little is as bad as too much . Too small a populat ion 
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normally deprives the economy of the required labour for productive investment and slows d o w n growth. 
T o o large a populat ion generally diverts resources f rom investment to consumpt ion and also again slows 
d o w n growth by reducing the total productive capacity of the economy. 
The populat ion of the less developed countries (LDCs) is still growing at around 2 per cent per annum. 
It will reach about 4 1/2 billion by the end of the century. The pressure of populat ion increases the 
pressure for agricultural land leading to the exploitation of marginal land and diminishing of other natural 
resources. Al though many parts of Sub-Saharan Africa still have large areas of potentially cultivable land 
a n d relatively low populat ion densit ies, a rapidly expanding populat ion moving into the tropical forests has 
already started posing environmental problems. 
Populat ion growth also aggravates urban congest ion. It exerts pressure on public amenit ies such as 
drainage and sewerage. This requires, in addition to populat ion control itself, improvement in city 
planning, public housing, and traffic control. In addit ion there is a need for rural development planning 
that will encourage migration to rural areas or discourage movement into urban areas. Population growth 
breeds poverty by increasing unemployment and decreasing incomes a m o n g the poor, and aggravat ing 
landlessness and homelessness. How this poverty manifests in environmental degradat ion in various 
sectors will be d iscussed in the next section. 
21.3. POVERTY AND DEGRADATION OF ENVIRONMENT IN DIFFERENT SECTORS 
The stance f rom which developing countries view conservat ion and environmental protection necessarily 
differs f rom that of the developed countries (or DCs). This is due to the big gap that exists in the quality 
of life enjoyed by the developing and the developed wor ld . Table 21.1 gives an indication of this gap. 
GNP per Per cent Population Daily Population 
head Growth Density Calorie per 
(1989) Rate per sq.km intake physician 
1980-1990 (1989) (1988) (1984) 
DCC 
US$ 18330 0.7 24/5 3398 470 
LDCC 
US$ 330 2.1 80.4 2331 5890 
LDCC 
DCC 
1/55 x3 x3.3 2/3 1/12.5 
TABLE 21.1 - SOME INDICATORS OF POVERTY IN DEVELOPING COUNTRIES 
Source: W o r l d Development Report 1991 
Al though this Table does not contain all the information reflecting this gap it is a sufficient indication. It 
can be seen f rom these data that the Gross National Product (GNP) per head of the developing countries 
is at $ 330 which is less than 1/50th of that of the developed or industrial countr ies. Such a gap 
is unacceptable . More than half of the people in these countries are below the poverty line. Equally 
a larming are their populat ion growth a n d density. High populat ion with low per head income suggests 
high unemployment . High density means relative land scarcity. 50 per cent less calorie intake indicates 
the extent of malnour ishment while 12 j t imes more people per each physician means poorer health 
status. These together indicate the very low quality of life (PQLI) of LDCs in compar ison with that of 
ICs. The people in these countr ies, therefore suffer f rom unemployment , landlessness, poor housing and 
poor sanitat ion. They lack the basic necessit ies of life. 
It is now recognized that poverty puts pressure on the poor to exploit the environment for today's survival 
in ways that damage the environment and reduce its productive capacity. Poverty leads to activities such 
as illicit poaching for wild life and illicit felling of t imber. Landlessness leads to encroachment o n c rown 
land, tank bunds and river banks, thereby depleting forests, soils, watersheds and degrading the 
environment . The lack of proper heating and lighting, leads to illicit felling for f i rewood. Coral mining 
leads to sea erosion a n d inappropriate f ishing to destruct ion of f ishery resources. Poverty is associated 
with lack of clean water for drinking and bathing and unsatisfactory sanitary facilities as a result of which 
many water borne diseases are prevalent. 
LDCs are somet imes compel led to accept environmental ly unsound but economical ly advantageous 
projects in order to procure employment and income benefits for the poor. The links amongst poverty, 
envi ronmenta l degradat ion and populat ion growth are direct. As more and more people in poverty press 
upon limited natural resources in rural areas, they naturally deplete the stock of resources. Long-term 
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deforestat ion of watersheds leading to severe soil erosion in South Asia and the felling of the A m a z o n 
rain forests of Brazil are examples. 
The problem of forest degradat ion has become increasingly serious in the past decades despite the 
combined efforts of national authorit ies and international agencies. Population growth and encroachment 
are the causes of such degradat ion. The rapid rate of deforestat ion especially of rain forests has also 
generated global concern . Once covering 10 per cent of the earth's surface, tropical forests have been 
reduced by a third due to unsound clearing and logging practices. Over half of the world's known species 
of plants and animals are found in these rain forests. The loss of tropical forests therefore will cause 
a great setback to the abundance and diversity of plant and animal life. 
In Sri Lanka too rural people depend heavily on forests for a variety of products and medicines. 
Deforestat ion in Sri Lanka has accelerated with growing populat ion and increasing poverty. At the 
beginning of the century, 70 per cent of the land area was covered by forests. This forest cover dropped 
to 44 per cent by 1956 and by 1989 to 24 per cent. The annual rate of deforestation between 1956 and 
1989 was 0.7 per cent whereas it was less than 0.2 per cent in the preceding years. One of the major 
causes for this rapid deforestat ion was the clearing of forest for irrigated agricultural and sett lement 
schemes by the Government to cater to the needs of a growing landless peasantry. Because of poverty, 
90 per cent of households in Sri Lanka use fuelwood for cooking. This too could involve unsustainable 
cutt ing of natural forest. 
Chena cultivation too has harmful effects on the environment. Most chena farmers come from the 
poorest segments of society and many of them have no easy access to any other means of l ivelihood. 
C h e n a cultivation is often practised on encroached government land. According to government estimates, 
by 1979, about half a million persons had encroached upon 377000 hectares of land cover ing 6 per cent 
of the total land area of the country. In the three decades between mid 1950s and early 1980s, chena 
lands had increased by 120,000 hectares. The spread of chena cultivation is a vivid example of the 
conflict between poverty and environmental protection. 
A similar picture is seen in regard to f ishing too. As on land increasing populat ion and poverty levels 
exert pressure on depleting coastal resources aggravated by illegal and inappropriate f ishing methods. 
The latter applies particularly to inland water f ishing. The development of the latter is also dependent 
upon the maintenance of both good water quality a n d a proper level of nutrients in tanks a n d canals. 
This also may be difficult due to encroachments and inappropriate use of fertil isers, and pesticides in 
agriculture. 
There is also environmental damage through such practices as coral mining. Due to the lack of 
alternative employment opportunit ies, many people along Sri Lanka's south western coast have taken 
to coral mining as a l ivel ihood. The coral reefs have been, therefore, subject to large scale destruct ion. 
Destruction of coral reefs destroys the habitat of a large number of marine animals and plants thus 
considerably reducing biodiversity. It also results in considerable sea erosion. 
Can the environment be protected and natural resources conserved before eradicating poverty in the 
LDCs? Or should these countries wait until they eradicate poverty to formulate and implement 
conservat ion strategies? 
It has not been possible to enforce existing legislation that prevents destruct ion of coral reefs, 
encroachments on crown lands and poaching for wild life because such enforcements would aggravate 
poverty. It seems irrelevant to talk of environmental protection and conservat ion of resources without 
at least s imultaneously speaking of alternate employment creation and poverty alleviation in less 
developed countr ies. 
21.4. THE NEED FOR DIFFERENT DEVELOPMENT PATTERNS AND PLANS 
It is generally agreed that conservat ion of resources and protection of the environment are essential for 
sustainable development . It will be too late if LDCs wait until the alleviation of their poverty to implement 
environment protection plans. At the same t ime, it must be recognized that it is difficult to enforce 
environmental legislation amidst poverty and squalor. Therefore, it is necessary to formulate environment 
protection laws and enforce them, while at the same time designing and implement ing development 
patterns and plans with a focus on alleviation of poverty. 
The LDCs should think of schemes of employment creation and income generat ion which do not harm 
or pollute the environment , but on the contrary, help to prevent its degradat ion. Agriculture, which is the 
mainstay of LDCs like Sri Lanka can be practised without seriously degrading the environment. To this 
end, excessive use of water and chemical fertilisers must be d iscouraged. Accelerated development with 
extensive opening-up of land must be avoided. Growing fruit trees on hill s lopes and catchment areas 
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is another measure for protecting the environment. Rice cultivation can also be practiced in countries 
like Sri Lanka without degrading the environment if old tanks are restored, maintained and operated 
effectively. Indiscriminate chena cultivation must be prevented by allotting economic units of state land 
to peasants a n d providing them with necessary agricultural extension services inputs a n d irrigation 
facilities for systematic and cont inuous cultivation. 
Housing development programmes for the poor should also be built into development programmes of 
LDCs. Good housing has a salutary effect on the environment. Proper housing with adequate water, 
and sanitary facilities should replace the shanty dwell ings in urban areas and on river and canal banks. 
Rural housing with proper water and latrine facilities would prevent the pollution of tanks, canals and 
rivers. 
LDCs faced with problems of rapid population growth and serious unemployment should prefer highly 
labour- intensive small scale agricultural and manufacturing enterprises to capital- intensive large scale 
factory industries using sophist icated technology. The poor LDCs must f ind jobs for the jobless, land 
for the landless and shelter for the homeless while taking appropriate measures to prevent environmental 
degradat ion. 
C o m i n g closer to our own region, the attitude and action taken by large developing countries like India 
and Indonesia are crucially important. The two of them possess some of the largest and richest rain 
forests. They have a populat ion of 1 billion people, nearly 1/5th of the total wor ld populat ion. The 
development choices of these nations will have a major impact on environmental outcomes in this region. 
LDCs also need the assistance of Developed Countries (DCs) in their struggle for environmental 
protect ion. The DCs, who, in their colonial days, exploited the resources, and some of w h o m even do 
today, for their own 'high mass consumpt ion ' are duty-bound to help the LDCs raise their level of 
development and alleviate their poverty. This is a precondit ion for effective enforcement of environment 
legislation. At the same time, LDCs themselves must so fashion their domest ic policies, patterns and 
plans of development for employment creation and income generation which will have the least harmful 
impact on the environment. 
Sri Lanka is one of the LDCs which has programmes for protecting the environment while relieving 
poverty. She has formulated a National Conservat ion Strategy (1988), a National Environmental 
Steering Commit tee (1990) for co-ordinat ion of environmental activities of var ious agencies, and a 
National Environment Action Plan (1991) for implementat ion of the National Conservat ion Strategy. It 
has been, at the same time, implementing the Janasaviya Programme targeted at around 1.4 million 
families living below the poverty line. 
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C H A P T E R 2 2 
ENVIRONMENT AND HUMAN HEALTH 
22.1 DISEASE PATTERNS IN EARLY AND PRESENT TIMES 
The quality of life of human beings has always been closely interrelated with the quality of their 
environment . Disease and death are an integral part of h u m a n existence. In fact, an examinat ion of 
life expectancy f igures, between the beginning of the present century and the present t ime, indicates a 
major positive advance in human health and life expectancy. The average life expectancy in the early 
decades of this century was around 30 years. Projecting this figure backwards, it seems unlikely life 
expectancy was much longer in earlier t imes. In contrast, life expectancy in the deve loped wor ld has 
now risen to around 80 years; in Sri Lanka it is now over 70. There is a good prospect that with advances 
in medical sciences, life expectancy will rise even further. 
It is well known that the pattern of health and disease associated with human societies has had more 
or less the same components in prehistory, in medieval t imes and upto the beginning of Industrial 
Revolut ion. W h e n early man roamed about in small groups, each such group would have operated as 
a fairly c losed system, and communicable diseases would have been easily transmitted within the 
conf ines of the group. O n occasions when groups intermingled, disease would have been transferred 
f rom one to another, but the overall pattern of disease and death would not have changed very materially. 
Diseases that existed then are the same as those that exist now, except for certain diseases of 
aff luence, like the cardiovascular diseases. Long standing diseases include viral d iseases such as 
chicken pox, measles , m u m p s , smal l pox, influenza; bacterial d iseases such as dysentery, syphi l is , 
gonorrhoea, typhoid, paratyphoid, cholera, diphtheria, tuberculosis, leprosy; and protozoan diseases 
such as malaria and amoebic dysentery. It is interesting to record that until the emergence of A IDS in 
the latter part of this century, there do not appear to have been any new diseases that have afflicted 
mankind. 
With the advent of agriculture people began to settle d o w n . As a result, the number of people who were 
concentrated at any one locality became larger. Whereas once human waste was dispersed widely and 
the danger of contaminat ion and the spread of communicable diseases was minimal , the new social 
systems had inbuilt pathways for stabilising disease patterns. This trend was accentuated with urbanization 
where numbers living in one location increased tremendously. Access to clean water as well as methods 
of disposal of human and animal waste were inadequate. Therefore, while there were major changes 
in social structure and funct ion, there was no marked and sustained increase in the l ifespan of people. 
Within the old wor ld , urbanization was associated with the development of trade and commerce and the 
rapid expansion of the means and routes of transportation. All parts of the old world became interconnected 
by trade and commerce . This movement of people also meant the spread of diseases to new 
communi t ies . This took place first in the main continental mass of Eurasia, including India and the 
Middle East and Africa north of Sahara. Long before the Europeans discovered Amer ica in 1492, man 
had already entered the continents through the Alaskan route and spread across the North and South 
Amer ican continents. Some spread may also have taken place by transatlantic routes. Similarly, human 
beings over long periods of t ime spread into the island systems of the Pacific ocean, as well as into 
Australia and New Zealand. These two sets of human populat ions were not part of the trading routes 
of the old wor ld . These people did not share the disease patterns of the old wor ld . 
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Some of the greatest changes in disease and death in human history occurred when people of the old 
wor ld colonized Amer icas o n the one hand, and the Pacific island systems on the other. The conquerors 
of the new world introduced new elements into the environment of those countr ies. It has to be 
understood that the environment of any human being includes not only his biological and physical 
environment but also every other human being that lives with him in close proximity, or far away. The 
white man was a new factor in the North Amer ican environment, bringing with him a whole new range 
of social norms, technology, behaviour patterns, and unfortunately a new range of diseases. The native 
Amer icans ' environment underwent major changes. With this the full range of communicable diseases 
of the old wor ld , including small pox, chicken pox, mumps, measles, typhoid and cholera suddenly 
became part of the new world environment. Having never been exposed to these diseases, these 
populat ions had no immunity to any of them; large numbers died before natural immunity could develop. 
The medical knowledge of the old world was still not advanced to a stage whereby these diseases could 
be control led. It is est imated that the first wave of diseases killed off large numbers of native Amer ican 
populat ion and larger numbers were later destroyed by conflicts with new colonists as wel l . The same 
pattern affected the Pacific Islands, but on a smaller scale. 
Though disease patterns remained stable over wide areas over long periods of t ime, history records the 
occurrence of large scale epidemics from time to t ime. The most devastat ing of these was the Great 
Plague or Black Death that swept across Europe in 1347. It c la imed an est imated 25 million lives in 
countr ies of Far Eastern Europe and the British Isles. The causative agent was a bacter ium, which was 
transmit ted f rom one person to another by rat f leas. The condit ions for the making of an epidemic of 
this sort were created by the environmental conditions in which people l ived. People were crowded 
together in urban centres, living perhaps in highly insanitary condit ions. And it is very likely that there 
would have been considerable accumulat ion of garbage and poor housing condit ions. All these factors 
were ideal for the proliferation of a rat populat ion. Wherever people live, the house rat is also found, 
unless specific measures of hygiene and control are in place. At that t ime condit ions were far f rom 
satisfactory, and a crowded human population lived amidst an immense populat ion of rats, creating ideal 
condit ions for epidemics to appear a n d spread. 
The first major change in disease patterns developed with the industrial revolution, which began in Britain 
and spread to Europe. Though the factory system concentrated large numbers of people into limited 
spaces, under largely unhygienic condit ions, there were at the same t ime certain other factors which 
inf luenced human health. The workers earned more money, were able to feed themselves better, and 
became more resistant to disease. The major factor which contr ibuted to change, however, was the 
advancement of medical sciences, and the establ ishment and expansion of medical infrastructure 
whereby the health standards of people were improved. The immediate impact of improved health was 
seen in the drop in mortality rates across the age spectrum and especially a m o n g infants and pregnant 
w o m e n . The number of people surviving increased rapidly, and they also began to live longer. As a 
result, the human growth curve which until then had been close to horizontal, began to rise sharply. 
With the development of vaccines for prevention and new drugs for treatment, more and more diseases 
c a m e under control . The rate of populat ion increase accelerated sharply and the total wor ld populat ion 
also began to increase as never before. A further change in disease pattern fol lowed the end of the 
second world war brought about by major medical advances as well as by economic development and 
inputs of science a n d technology. 
The disease patterns of modern world are not uniform. There are major differences between populations 
of developed countries and countries with developing economies and least developed countr ies. In 
deve loped countr ies, populat ions are small , the rate of increase is limited and condit ions and quality of 
life are extremely high. There is easy access to medical facilities and drugs, the living environment is 
generally more hygienic, and the knowledge base is wide. All these factors combine to ensure that the 
major d iseases that once affected the h u m a n species are no longer threats to the health of the 
communi ty . In the developing and least developed countries, on the other hand, populat ions are large 
and the rate of populat ion growth high. At the same time condit ions and quality of life is poor while access 
to medicine and medical services is l imited. Living environment is largely unhygienic and large sections 
of the populat ion are illiterate. All these factors combine and ensure that even though medical science 
has conquered the major killers of mankind, these diseases continue to affect people of the developing 
wor ld . 
In our own country, water borne infections causing diarrhoeal diseases and cholera still take a heavy toll. 
This is mainly due to the lack of proper sanitary facilities and the unhygienic handling of food. The same 
appl ies to other countr ies like India, Indonesia and the Phill ipines. It is est imated by the Wor ld Health 
Organisat ion that everyday throughout the world about 25,000 people die f rom diseases related to 
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drinking water that is unsafe. In 1983, World Health Organisat ion est imated that half of the people in 
the developing countries did not have easy access to safe drinking water. Three out of every four people 
in these countr ies had no sanitary facilities. 
Vector borne diseases such as malaria, dengue and Japanese encephalit is still remain c o m m o n , partly 
because medical science has not yet developed preventive measures and partly because of certain 
environmental condit ions which help to spread this disease. Malaria is spread by Anopheles sp. As 
far as malaria is concerned, the mosquito larva breeds in stagnant pools of water. Such stagnant pools 
are caused by mismanaged irrigation systems. While individual action can be helpful in prevent ing the 
format ion of breeding grounds, coordinated programmes by appropriate organisat ions are also 
required. The prevention of mosquito bite is an individual's responsibil ity. In the years immediately 
fol lowing the Second Wor ld War, the application of DDT brought the mosqui toes under control . Malaria 
almost d isappeared f rom our country. In recent years, the disease has reappeared and the more 
dangerous cerebral malaria has become prominent. This is due to the appearance of mosqui to varieties 
which are resistant to insecticides. New efforts both by government and by individuals to counter the 
vector, by removing the environmental factor for the spread, are essential . 
Dengue is spread by another mosquito vector, Aedes aegypti. In this case too, spread of the disease 
can be control led by removing the water bodies in which the larvae live. In contrast to the mosquito 
vector of malaria, the larvae of dengue mosquito live in little pools of clear water accumulated in coconut 
shells, rubber tyres and other small containers after rains. Water in vases in households also provides 
an ideal place for the larvae. It is important to ensure that our living environment does not provide such 
opportunit ies for mosquitoes to breed. Dengue is often a disease of the urban environment , while 
malaria is found in associat ion with large scale irrigation systems. Filariasis is another disease sustained 
by an unhealthy aquatic environment. The vector of filariasis is a mosquito called Cu lex quinquifasciatus 
which breeds in polluted stagnant waters, like the waters of the canal systems of Colombo. In areas 
around these canals, filariasis has long been endemic. It used to be a c o m m o n disfiguring disease. 
Now, with the application of drugs, the effect of the infection can be control led. But many persons are 
constantly reinfected. 
From the time of the Industrial Revolution materials that are foreign to the natural environment have 
entered different parts of it and in some cases they have accumulated. These are called pollutants. 
These have led to the appearance of a new range of diseases. Pollutants may be substances that are 
new to the environment, like Malathion and DDT, and substances such as mercury and lead. These 
pollutants can have acute effects on human beings after exposure to large amounts of pollutants, or 
chronic effects when exposed to low levels of the pollutants, over a long period of t ime. The pollutants 
can enter the human system by one or more of three major pathways; direct through the skin and 
mucous membrane , ingestion through food or drink, and inhalation into the respiratory system. 
22.2 AIR POLLUTANTS AND HEALTH 
As described in Chapter 20 air is polluted mainly by emissions f rom various industries, by the burning 
of fossil fuels and by exhausts of motor vehicles. Polluting materials include sulphur oxides, nitrogen 
oxides, hydrocarbons, carbon monoxide and particulate matter. Particulate matter includes a great 
variety of substances of differing chemical composit ion and size. These include heavy metals, such as 
c a d m i u m , mercury and lead which may be natural components of the original fuels or additives like lead 
used for improvement of fuel performance. 
In the air, different combinat ions and concentrat ions of pollutants can lead to varying effects some of 
which can be harmful . The London s m o g disaster of 1952 is a good example. During a particularly 
cold spell , the increased use of coal for heating produced large quantit ies of smoke containing sulphur 
dioxide. The smoke created fog condit ions, which because of peculiar circulation patterns, hung over 
the city of London. Visibility was highly reduced. There were an est imated 4000 deaths f rom various 
causes which were directly fog related. 
Death rates are above normal when and where air pollution occurs at specific concentrat ions. Those 
w h o are worst affected are often infants or very old people. Main effects are noticed with regard to the 
respiratory system. Though various disasters have been reported from t ime to t ime, the more important 
public health hazards are those of day to day exposure of people living in seriously polluted localities. 
It was once stated by some Faculty members of the Medical school of the University of California at Los 
Angeles that 'air pollution has now become a major health hazard to most of this communi ty during m u c h 
of the year.' It was further stated that 'Any one who does not have compel l ing reason?, to remain should 
move out of smoggy portions of Los Angeles, San Bernadino and Riverside Count ies to avoid chronic 
respiratory diseases like bronchitis and emphysema' . 
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Individual pollutants in air have important effects. In today's society most people are exposed to carbon 
monoxide , which enters the atmosphere f rom vehicle exhausts. Carbon monoxide readily binds with 
haemoglobin in the blood, reducing the oxygen carrying capacity of b lood. In people with heart and lung 
diseases, this can produce strain and long t ime exposure to an atmosphere containing 80 p p m of carbon 
monoxide can reduce oxygen carrying capacity by 15%. In slow moving traffic, carbon monoxide levels 
can reach 400 p p m . This can lead to headache, impaired vision, decreased muscular coordinat ion and 
nausea. Carbon monoxide exposure over a long period at high concentrat ions can cause death. Cases 
of such death are somet imes reported as suicides, as in cases where snow-bound persons have stayed 
inside a c losed vehicle with the motor engine running. 
Sulphur oxide appears to increase rates of acute and chronic asthma, bronchitis and emphysema. There 
may also be some associat ion with lung cancers. It appears that sulphur dioxide at concentrat ions 
generally seen in polluted areas could not alone be able to cause these effects. Sulphur dioxide 
combined with particulate matter appears to be responsible. Oxides of nitrogen have similar effects, but 
in addit ion they also reduce the oxygen carrying capacity of the blood and cause acute pulmonary 
oedema i.e. the accumulat ion of fluid in the lung. Atmospheric levels of nitrogen dioxide rarely reach 
concentrat ions which can cause these effects. Hydrocarbons in the atmosphere do not usually reach 
proport ions where they are harmful to human health. 
However hydrocarbons and nitrogen oxides under the influence of sunlight produce photochemical s m o g . 
Ozone is the main ingredient of such smog. This smog has been seen in the Los Angeles area and 
shown to be damaging to animals. It can also harm patients suffering from respiratory diseases. 
In our country, a well known case of industrial air pollution is the Puttalam cement factory which belches 
tons of particulate matter into the environment and degrades surrounding agricultural fields. Its effect on 
h u m a n health is not yet known. 
The Co lombo city has 60 per cent of the manufacturing industries of Sri Lanka, as well as 60 per cent 
of the registered motor vehicles and diesel and power plants. The extent of air pollution in Colombo has 
not yet been worked out. 
22.3 WATER POLLUTANTS AND HEALTH 
Pollutants include disease causing organisms; synthetic organic compounds f rom industry, households 
and agriculture; inorganic compounds and minerals from industries; radioactive substances; oxygen 
deplet ing organic substances and plant nutrients. 
22.3.1. Disease causing organisms 
Major epidemics of cholera and typhoid fever in England, Germany and USA between 1850 and 1900 
were the result of poor sanitation and contaminat ion of water by faecal matter. Water borne disease 
causing organisms include bacteria such as Vibrio cholera (cholera), Salmonella typhi ( typhoid fever), 
Shigella dysentriae (bacillary dysentery) , Escherichia coli (Travelers diarrhoea); viruses such as 
poliomyeli t is, infective hepatitis, epidemic gastroenterit is, epidemic diarrhoea of the new born; and 
protozoans such as Entamoeba histolytica (amoebic dysentery) . 
All these organisms enter man via the mouth and pass through the intestine and are excreted with 
faeces. These intestinal organisms are transmitted from one person to another through water and food 
contaminated with faecal material. The c o m m o n housefly is also responsible for the transfer of these 
organisms f rom faecal waste to food. Shell fish (for example prawns, oysters, c lamps etc.) inhabiting 
polluted sea water and eaten uncooked can carry cholera and hepatitis and lead to serious outbreaks. 
In Sri Lanka bacillary dysentery, typhoid and amoebiasis are the c o m m o n types of intestinal infections 
found a m o n g patients admitted to hospitals. The incidence of infection and mortality rate are high among 
chi ldren. It is est imated that 2 5 % of all deaths of children under the age of five are due to diarrhoeal 
d iseases, all of which are now preventable. 
Intestinal diseases spread because of the lack of access to safe drinking water and absence of proper 
toilet facilities. The crowded and insanitary living condit ions in urban shanties and s lums further 
aggravate the problem. It has been est imated that around 33 per cent of the households of this country 
have no access to safe drinking water; similarly, around 39 per cent in households have no toilets. The 
infections are not likely to spread in communit ies with controlled water supplies and effective sewerage. 
22.3.2. Pesticides 
People are often exposed to pesticides. Chlorinated hydrocarbons (DDT, Aldrin Endrin, etc.) are found 
everywhere in the environment. DDT has a long history of application both in health and agriculture 
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sectors. It is known to have accumulated to about 12 p p m in human fat and has been found even in 
human breast milk (see Chapter 19). Polychlorinated biphenyls (PCBs) are also serious pollutants which 
have ben traced in human fat and milk. PCBs, used in various industrial processes enter the air f rom 
storage containers, factory smoke stacks, or are d u m p e d into rivers and lakes as industrial wastes . They 
enter the a tmosphere as particulates from motor car tyres. They enter food through paints and plastics. 
For example , a disaster involving P C B was the K e n e m i rice-oil disaster in Japan . In this case, cook ing 
oil w a s contaminated by PCB, and more than 1000 people were affected. 
Chlor inated hydrocarbons and other pesticides now used extensively in agricultural product ion are 
present in very low concentrat ion in water, fruits and vegetables and also in the air. Large amounts are 
also present in meat and fish products. One major problem is that farmers often use dosages far higher 
than those recommended . Even in markets, some vegetables and fruits on display are sprayed with 
insecticides to deflect fruit flies. 
Another problem with pesticides is their unrestricted availability and the unsatisfactory methods of 
storage, display, sale and use. Persons involved in spraying of pesticides in less deve loped countries 
often do not take recommended protective measures. Over periods of t ime, there are cumulat ive effects 
due to cont inuous exposure to insecticides, the inhalation of sprayed material and contaminat ion of food 
and water. Pesticidal poisoning is a major cause of death in Sri Lanka; it is the sixth leading cause of 
death in hospitals. It is est imated that about 73 per cent of poisoning cases result f rom suicide at tempts, 
while 17 per cent is due to occupat ional causes 8 per cent are accidental poisonings. 
The actual number of cases of pesticide poisoning is believed to be considerably higher than what is 
avai lable f rom hospital records. 
22.3.3. Trace metals 
A number of metals exist in the environment in small quantit ies. Some are micronutr ients. Some are 
toxic to people even at natural concentrat ions. Most important of these f rom the health angle are lead, 
mercury, cadmium and arsenic. Some of these are found as contaminants in fossil fuels, and also 
introduced as additives in petrol, drugs and agricultural chemicals. 
Many heavy metals which occur as trace elements may have a low environmental concentrat ion but can 
be turned into high concentrat ions when they enter the food chains. For example , c a d m i u m is a trace 
element in fossil fuel and exists in a very low concentrat ions of 0.05 p p m to 1 p p m . W h e n fossil fuels 
such as coal burn cadmium enters the environment as ash, plants absorb and incorporate c a d m i u m into 
their t issue, and concentrate 3-7 t imes. Herbivores feeding on these plants, can have approximately 3 
t imes the concentrat ion of plants and carnivores feeding on these herbivores approximately 3 t imes the 
concentrat ion of herbivores and so on. This incorporation and concentrat ion in food chains is cal led 
bioconcentration or bioaccumulation which has been referred to in Chapter 15. 
Lead 
Lead is used largely in storage batteries. It is also used in the manufacture of shot gun pellets, bullets, 
radiation shields and lead weights. More than 10 per cent of all lead mined is used in the form of 
tetraethyl lead as an additive in petrol. Lead ingested in large quantit ies can cause lead poisoning. 
Workers in paintshops, foundaries, smelt ing works and printing presses which use lead type, risk acute 
lead poisoning. It is thought that the decline of both Greek and Roman empires was partly due to 
overexposure to lead. Their home utensils were lined with lead and the plumbing was also lead-based. 
Water supply systems in modern society were also lead-based, at the beginning. These have now been 
replaced by plastic materials. Most of the risk is to children who swol low flakes of paint containing lead 
or chew tooth paste tubes made of lead alloy. 
Typical levels of human exposure to lead in industrial societies are far higher than exposure levels in the 
natural environment. It is stated that at present, levels are 3 - 1 0 t imes less than those required for 
severe lead poisoning. There can of course be local instances of high levels of lead exposure. 
Mercury 
Mercury is used in the production of chlorine which is then used in the product ion of plastics. It is also 
used in the product ion of caustic soda, in paints, in fungicides, dental amalgams, pulp a n d paper 
industries and in thermometers . A considerable proportion of the mercury used industrially enters the 
biosphere. Combust ion of fossil fuels also contributes to mercury inputs. Organic mercury f rom paints, 
pulp, paper and from organic chemicals are much more toxic than inorganic mercury. Organic mercury 
is concentrated in food webs while inorganic is not. However, microorganisms widespread in sediments 
are capable of forming organic mercury from inorganic mercury compounds . Concentrat ion in food webs 
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leads to mercury poisoning from higher levels of methyl mercury in f ish. 
A classic illustration was the epidemic of paralysis due to eating fish contaminated by industrial mercury 
discharge in the Minimata Bay in Japan in 1957. In this case, inorganic mercury along with some methyl 
mercury was released in effluents from a chemical factory. The effluent entered a river running into the 
Minimata Bay. In the sediment the inorganic mercury was converted to methyl mercury by microorganisms. 
This underwent bioconcentrat ion in shell fish and larger fish type. The local inhabitants who ate the fish 
suffered f rom mercury poisoning. The result of this was that 115 people died and many were paralysed 
for life. Others suffered neurological symptoms impairment of vision and hearing and prenatal poisoning 
of foetus. Since this first appeared among the local inhabitants around Minimata Bay, organic mercury 
poisoning is somet imes referred to as Minimata disease. Methyl mercury concentrates in the body in 
red blood cells and in the nervous system, and selectively attacks nerve cells. Symptoms of methyl 
mercury poisoning include numbness of lips, hands and feet, lack of coordinat ion, speech disturbance, 
constrict ion of visual field, impairment of hearing and emotional disturbance. Inorganic mercury when 
absorbed into the body f rom a working environment tends to accumulate in kidney, liver and brain. There 
is some evidence of mercury poisoning among people occupat iona l^ exposed to mercury vapour at 10 
to 30 micrograms per cubic metre. 
Cadmium 
C a d m i u m is used principally in electroplating, as stabilizers for plastics, in pigments, al loys and batteries. 
It is also used as an anti friction agent and rust proofer. Considerably high amounts reach the biosphere 
through reclamation of steel scrap, incineration of plastics, and combust ion of fossil fuels. High amounts 
can be found in the vicinity of smelters and other metal production and processing facilities. 
Once cadmium is absorbed by the body it associates with low molecular weight protein and accumulates 
in the kidneys, lungs and reproductive organs. Even in small amounts it can cause kidney dysfunction 
and bone demineral izat ion. If inhaled it causes fibrosis of lungs and probably emphysema. Cont inuous 
exposure in work places can cause hypertension, heart enlargement and premature death. 
Health hazard due to cadmium is mainly to those working in industries, a l though it has been documented 
in 1955 in vil lages in Japan whose water supply was contaminated with drainage f rom a cadmium mine. 
Acute c a d m i u m poisoning resulted in bone and muscle abnormalit ies and disease was named Itai-ltai 
or 'ouch-ouch' . 
Arsenic 
This is a metal of wide occurrence. It is used in alloys, pesticides, w o o d preservatives and some medical 
preparat ions. It is a cumulat ive poison causing vomit ing and abdominal pains and can lead to death. 
It accumulates along food chains. Crabs and lobsters have been specially noted for accumulat ing high 
concentrat ion. Over long periods of contact, for e.g. in the case of smelter workers, it causes lung and 
skin cancer. Skin cancer has also been associated with local inhabitants in Ta iwan who used water f rom 
artesian wells containing high concentrat ion of arsenic. 
22.4 CHEMICAL MUTAGENS 
These are chemical compounds which are able to make heritable changes in the base sequence of DNA 
in which the genetic information is coded. Mutations are important since they affect the genetic 
composi t ion of future generat ions. It is suspected that they may be involved in the product ion of cancers. 
There are a number of compounds which have been shown to be mutagenic in experimental systems. 
These include pesticides, nitrosamines, dyes, asbestos, arsenic, cadmium, vinyl chloride, food addit ives, 
etc. Many of the most abundant chemicals in the environment of concern may not be directly mutagenic, 
but once ingested or absorbed, may be converted metabolically into mutagenical ly active derivatives. 
Mutagens may cause genetic diseases and birth defects in man. 
22.5 CARCINOGENS 
Cancer causing c o m p o u n d s are referred to as carcinogens. Cancer develops due to a loss of growth 
and multiplication control in a cell . Occupat ional exposure to coal tar was associated with induction of 
skin cancer as early as 1875. There is a growing consensus that many of the human cancers are due 
to chemical carc inogens in the environment. It is also est imated that 10% of all current cancer deaths 
in males in the USA is due to occupational exposure to various chemicals in the air, water or the soil. 
S o m e of the c o m p o u n d s implicated with occupational cancer include lubricating oils, dyestuffs, radium 
. paint, cadmium, arsenic, asbestos, vinyl chloride, organochloro pesticides, nitrosamines, etc. Occupational 
hazards include lung cancer in insulation workers and construction workers exposed to asbestos, 
bladder cancer in the aniline dye and rubber industry, lung cancer in uranium miners, skin cancer in 
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drilling and shale oil workers, nasal sinus cancer in w o o d workers and angiosarcoma of the liver in work 
places exposed to vinyl chloride. 
Nitrates are plant nutrients c o m m o n in soils a n d plants. Due to the excessive appl icat ion of fertil izers, 
many underground water sources, have high levels of nitrates. Nitrates are reduced to nitrites by 
microorganisms. Secondary amines, which are commonly found in a variety of foods and beverages, 
react with nitrates to form nitrosamines some of which are said to be potent carc inogens. Ni trosamines 
can also be taken in direct f rom the environment. These trends have been observed in Sri Lanka as 
wel l . 
22.6. RADIATION HAZARDS 
Three kinds of radiation are produced f rom radioactive materials, viz; alpha, beta and g a m m a . These 
three kinds are harmful in varying degrees. Radioactive materials undergo spontaneous decay, emitt ing 
radiation and changing f rom one element to another in the process. 
In nature, low levels of radiation come f rom various sources such as cosmic rays f rom outer space, 
uranium and thor ium and their decay chain, potassium - 40 in the earth's crust and decay products of 
radium in granite rocks and bricks.lt is stated that a person receives approximately 100 mill irems of 
radiation per year f rom natural sources. However, amounts of radiation produced f rom these natural 
sources do not pose a serious threat to human health. 
Ionising radiations have been added artifically by various medical , military and commercia l uses of 
radioactive materials. Principal sources of concern are nuclear weapons product ion, use, storage and 
transport, a n d nuclear energy generat ion plant facilities a n d accidents in these facilities. 
In such instances, high doses of radiation can be delivered within a short period of t ime. In severe 
industrial accidents involving mishandl ing of radioactivity, downwind of a major accident at a nuclear 
reactor or fuel processing plant, acute illness or death can occur within days or weeks after exposure. 
At lower doses, the effects may be vomit ing, fatigue, temporary sterility and aborted pregnancies. 
Delayed effects of large radiation exposures can also result in mental retardation, cancers and genetic 
defects. Different doses of radiation are known to cause leukaemia, multiple myeloma, brain tumor and 
thyroid disorders. 
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C H A P T E R 2 3 
GLOBAL ENVIRONMENTAL PROBLEMS 
In recent years certain environmental problems have surfaced which are not limited to any one country 
or region but encompass the entire globe. Three major problems of this nature can be identif ied. 
(1) Green house effect and global warming 
(2) Depletion of atmospheric ozone 
(3) Macroscale deforestat ion and the loss of biodiversity. 
To these may be added the problem of desertif ication. 
The first two problems are related to the composit ion of the atmosphere . Because the a tmosphere is 
in constant circulation, major changes in composit ion are worldwide in their impact and these impacts can be 
long lasting. The third problem of deforestat ion and loss of biodiversity has two major areas of impact 
(i) removal of the forest cover interferes with the hydrological cycle and has other environmental effects as 
wel l ; 
(ii) loss of the genetic heritage that is built into plants and animals. 
23.1. GREEN HOUSE EFFECT AND GLOBAL WARMING 
The Earth is a habitable planet, because among other things it has an atmosphere which maintains 
temperatures suitable for life at and near its surface. This is due to what is descr ibed as a natural 'Green 
House Effect'. Green houses are enclosed areas with glass roofs in which plants requiring elevated 
environment temperatures are grown. The glass roof al lows solar radiation inwards but prevents a part 
of the heat generated f rom being radiated out again. In the atmosphere gases such as carbon dioxide, 
oxides of ni trogen, water vapour and ozone act like the glass of a green house and prevent a part of 
the radiation that reaches the earth's surface being radiated back into space thus maintaining the 
temperatures that w e are familiar wi th. These gases are descr ibed as Green House Gases (GHGs) . By 
contrast, on the moon which has no atmosphere at all and therefore no Green House Gases the day 
temperatures are very high and the night temperatures very low and are not life support ing. Much of 
the solar radiation reaching the surface of the Earth comes as short wave radiation. Only part is radiated 
to space and this as long wave radiation. Figure 23.1 shows how a green house funct ions. The figure 
also shows that with the increase in C 0 2 the principal green house gas in the a tmosphere there is an 
increased retention of heat and rise in temperature. 
At the other extreme, the planet Venus which is comparable in size to the Earth has a surface 
temperature over 800°F. This is because the atmosphere of Venus has a much larger proport ion of 
carbon dioxide, causing a very greatly increased green house effect. 
The cyclic processes of nature normally keep the composit ion of the a tmosphere constant within narrow 
limits. During a history of nearly a million years, pre-human and h u m a n activity d id not change the 
composi t ion of the earth's atmosphere. However after the Industrial Revolution and the burning of fossil 
fuels, addit ional quantit ies of carbon dioxide entered the atmosphere . From the beginning of the 
Industrial Revolution to the present day, carbon dioxide levels have increased f rom 280 p p m to 353 p p m 
(present day). In fact, analysis of air t rapped in ice cores in the Antarctic show that the levels of carbon 
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dioxide in the atmosphere are much higher today than they have been at any t ime in the last one 
hundred a n d sixty thousand years. 
In addit ion to carbon dioxide, there has also been an increase in the amount of methane (0.79 ppm 
pre-industr ial , 1.72 p p m present day) and oxides of nitrogen in the atmosphere . Methane is produced 
naturally f rom s w a m p s , but also from paddy fields which are farmed extensively, in many parts of the 
wor ld . The digestive processes of cattle also produce methane which is released into the air f rom the 
guts of these animals. As a result of these human activities there has been a parallel increase in the 
amount of methane in the atmosphere. Oxides of nitrogen have increased as well , due to human activity. 
The Figures 23.2 to 23.4 illustrate the increase of carbon dioxide, methane and nitrous oxide over the 
period 1750 (beginning of Industrial Revolution) to 2000 (projected). 
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FIGURE 23.5 CHANGES IN THE CHLOROFLUOROCARBONS 
CONCENTRATION AFTER 1930S 
Chlorofluorocarbons(CFCC) which are purely man-made, were not present in the atmosphere before their 
invention in the 1930s. Since then the amount of CFCC in the atmosphere has also been increasing 
as shown in Figure 23.5. 
Scientists have been aware of the increase in carbon dioxide and other green house gases for some 
time. Scientists from all over the world have been studying the possible impact of these increases on 
the global environment for a number of years. They claim that the average temperature of the Earth is 
increasing, and a process of Global Warming is now taking place. Some scientists think that this 
warming trend is part of natural variation and is not due to man-induced increases in green house gases. 
Most scientists however, believe that the observed changes are due to man's activities. 
It is now predicted by many scientists that the average global temperature will rise by about 2°c above 
the pre-industrial average by the year 2030, and that by the end of the 21st century temperatures will 
rise by a further 2°c. Rise of temperature by even a few degrees will have far reaching effects both on 
land and in the ocean. The ocean covers about 75% of the surface of the Earth. When water is heated 
it expands. Therefore one of the results of global warming will be an increase in volume of the ocean 
leading to a gradual rise in sea level. In the longer term rising temperatures can cause the melting of 
glaciers and also of the polar ice caps contributing further to sea level rise. Many of the major cities of 
the world and the major ports lie along coastlines. Rising sea level is likely to inundate parts of such cities 
and their harbours. It will also inundate extensive low lying areas such as the coastal areas of 
Bangladesh and the deltas of the river Nile. The very survival of small island states such as the Maldives 
will be threatened by rising waters. 
If the sea surface is heated the atmosphere above it also becomes warmer. This will result in changes 
in patterns of atmospheric flow. Wind patterns will change and rainfall patterns may alter. Therefore, 
vegetation and its distribution can be affected. Changes in rainfall may affect agricultural production and 
alter the limits of forests, grasslands and deserts. 
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At the present time scientists have predicted broadly the types of changes that may take place. The 
information is not detailed enough to make Jong term predictions on a regional basis. However, the 
Governments of most countries of the world have taken serious note of the possible effects of green 
house gases on world climate and of other consequences that can follow and are beginning to take 
action to assess impacts and develop responses. 
The problem is a global one. Solutions, if any, can only be found at a global level by co-operative and 
collaborative actions within the world community of nations. 
An important factor is the period of time for which a green house gas may remain in the atmosphere. 
This varies for the different green house gases as shown in Table 23.1. 
C0 2 Methane CFC 11 CFC 12 Nitrous 
oxide 
Atmospheric 
Concentration ppmv ppmv PPtv PPtv ppbv 
Pre-industrial 
(1750-1800) 280 0.79 0 0 288 
Present day 353 1.72 280 484 310 
Current rate of 
(0.25%) 
1.8 0.015 
change (annual) (0.5%) 
10 
(0.9%) 
17 
(4%) 
0.8 
(4%) 
Atmospheric life 
time or residence 
time (Years) (50-200) 10 85 130 150 
ppmv - parts per million ppbv - parts per billion 
pptv - parts per trillion (million-million) 
TABLE 23.1 - MAJOR GREEN HOUSE GASES 
Carbon dioxide, chlorofluorocarbons, and nitrous oxides are only slowly removed from the atmosphere 
in contrast to methane and substitutes of chlorofluorocarbons. Also the green house effect of the gases 
differ from one another, the contribution of each gas to the green house effect is shown in the Table 
23.2. 
Gases Per centage Contribution 
c o 2 5 5 % 
Methane 1 5 % 
Nitrous oxide 6% 
CFC 11 and 12 1 7 % 
Other CFCC 7 % 
TABLE 23.2 - CONTRIBUTION FROM EACH OF THE GREENHOUSE GASES 
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What action is needed in order to counter the problem of Global Warming? One major approach is the 
reduction of carbon dioxide output by human activity. Carbon dioxide is produced by the burning of fuel 
and oil in industry and in the generation of energy. It is also produced by the burning of petrol in 
automobiles and other motor vehicles. With increased industrialization and the increase in numbers of 
motor vehicles more and more carbon dioxide is entering the atmosphere. Even if the carbon dioxide 
is maintained at present levels, because of the time lag between cause and effect, global temperatures 
will continue to rise for many years to come, before they stabilize. Therefore, negotiations are taking 
place between nations to develop urgent strategies to prevent furthur increase in carbon dioxide levels. 
After much negotiation a Framework Convention on Climate Change was drafted and was signed by a 
majority of countries at the Earth Summit held in Rio de Janero in June 1992. While no firm target date 
was set it was agreed that carbon dioxide must be held at 1990 levels. 
23.2. DEPLETION OF OZONE 
Ozone is a gas that occurs naturally in the atmosphere. A layer of ozone encircles the Earth at a height 
of about 15-30 km. It is created by the interaction of incoming radiation and the oxygen of the 
atmosphere. The ozone layer plays a very important part in the maintenance of life on earth. It is a 
very effective screen which prevents a major part of the ultra violet (UV) radiation coming from the sun 
from reaching the surface of the Earth. Though UV radiation is thought to have been one of the major 
energy sources that helped in the creation and evolution of life on earth, today excessive exposure to 
UV radiation is life threatening. 
FIGURE 23.6 DEPLET ION O F O Z O N E A N D POSSIBLE EFFECTS OF INCREASED UV R A D I A T I O N 
It is accepted generally, today that the ozone layer is being depleted due to results of human activity. 
A very important lesson for the future can be learnt by analyzing this problem. Often in the course of 
development, we produce new chemicals which seem to be harmless to the environment at the time we 
begin to use them. But we know so little about natural systems and how they operate that we cannot 
often understand the long term impacts of the introduction of new man made chemicals. We may be 
doing things now for which we may have to pay dearly in the future. The case of chlorofluoro carbons 
(CFCC) and ozone depletion is a case in point. 
In the mid 1920s a group of chemists synthesized a new group of chemicals called the chlorofluoro 
carbons (CFCC). These chemicals were thought to be wholly inert and they were found to be very useful 
in many ways. They were used in refrigeration and air-conditioning and in atomizing liquids for use 
as aerosols (sprays). They were referred to as miracle chemicals and became commonly used in all 
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FURE 23.7 - D ISTRIBUTION OF F O R E S T S IN THE W O R L D 
sorts of sprays including those used in cosmetics. The CFCC are used at ground level where they enter 
the a tmosphere and have no harmful effects. However, the atmosphere is in constant mot ion both 
horizontally and vertically and materials introduced at the Earth's surface can, in the course of t ime, 
spread around the globe and also move into the upper a tmosphere . Intact over a period of decades, 
C F C C m o v e d upwards in this manner and reached the ozone layer. The C F C C that were inert at and 
near the surface of the earth became very active when it came into contact with ozone. Chlorine of the 
C F C reacted with oxygen atom of the ozone. A chain reaction started, each molecule of CFC destroying 
a large number of molecules of ozone. This has led to destruction and depletion of ozone. Figure 23.6 
indicates in s imple form, the changes that have taken place and the possible effects of increased UV 
radiation that will reach the Earth surface. 
In the early 1980's scientists began to observe a hole (an area of lowered ozone concentrat ion) in the 
ozone layer above the Antarctic, every winter. Since then the hole has been observed every year and 
it has increased in size indicating cont inuous decrease or depletion of ozone. Many investigations were 
urgently carr ied out which have demonstrated quite clearly that the deplet ion of ozone is directly caused 
by C F C C . 
Scientists have generally agreed on the causes and the consequences of ozone deplet ion. Depletion 
in ozone will increase the level of UV radiation reaching the surface of the earth. As far as human beings 
are concerned this will increase the incidence of skin cancers. UV radiation is also a mutagenic agent. 
There will be mutat ions at an increased rate in various living organisms. Various other unpredictable 
effects may result f rom increased radiation. Other potential effects on man include format ion of cataracts 
in the eyes, reduced immune response, lowering crop yields through interference with photosynthesis 
and reduced phytoplankton growth in the ocean. Figure 23.6 illustrates these possible impacts of ozone 
deplet ion. 
Scientists first became aware of the ozone hole and ozone depletion in the late 1970's. Studies have 
shown that the deplet ion is continuing at an alarming rate. The hole that was limited to the Antarctic 
in winter has been observed in other parts of the globe as well and at other t imes. Recent studies have 
shown that ozone is deplet ing at a faster rate than originally predicted and areas of ozone deplet ion have 
154 
appeared over parts of Europe. 
Because of the magnitude and the urgency of the problem, the world communi ty of nations has taken 
speedy act ion. For the first t ime, in dealing with an environmental problem, scientists, industrialists, 
polit icians and planners f rom different parts of the world got together to find solut ions. In a series of 
international meet ings they have decided that the present C F C C must be phased out by the year 2000. 
Such decisions have many consequences. Alternative materials have to be found and technologies have 
to be changed . On a worldwide scale the refrigeration and air condit ioning industries have to make 
important and major changes. However, because the dangers are so grave the governments have 
decided that necessary steps to counter the problems have to be taken. International agreements have 
been reached and what is referred to as the Montreal Protocol, a iming to ban the use of currently used 
CFCC by year 2000, has been signed and a ratified by most nations. 
23.3. D E F O R E S T A T I O N 
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F I G U R E 2 3 . 8 - T R O P I C A L D E F O R E S T A T I O N - R A T E S O F C L E A R A N C E 
As descr ibed in earlier chapters man has interfered with forests over a major part of his history. Even 
as a hunter the use of fire to flush out animals f rom forest areas was probably not u n c o m m o n . The 
practice of slash and burn techniques of clearing forests for agricultural use is a long h u m a n tradit ion. 
This cont inues even today in many parts of the world and in our own country as well , in chena cult ivation. 
One quarter of the deforestation that has taken place in the world had already taken place by 1700 and 
75 per cent by 1915. 
In order to feed an ever increasing populat ion, more and more land is being taken away from forest all 
over the wor ld . Forests around the world are deplet ing at an alarming rate. Much of the Europe, 
Northern Asia, Eastern United States of America, and the Amer ican North West were once covered with 
forests. In Western Europe and Eastern United States very little remains of these forests. The largest 
remaining reserve of temperate and sub arctic forests are found in the old USSR. These remain 
untouched because of inaccessibility. In Antarctica and New Zealand, large tracts of forests have 
disappeared. Important native forest ecosystems have been replaced with fast growing species. Vast 
forest reserves still exist in the tropics especially in the valley of the A m a z o n , in South East Asia and 
Central Africa. Latin Amer ica, up to about 1967 - 1969 contr ibuted 4 % of the world w o o d production 
al though it had 1/3rd of the world resource. However, the rate of clearing tropical rain forest has 
accelerated in the past decades. It has been est imated by the UN that an area of tropical forest larger 
than the state of Florida is disappearing each year. It is now feared that much of these forests will 
d isappear by the end of the century. The figure 23.7 shows the worldwide distribution of forests. Table 
155 
23.3 and Figure 23.8 indicate the extent of tropical deforestation in some nations. 
Region Forest Area 
1980 
Forest Area 
1990 
Central Amer ica & Mexico 
Car ibbean Sub region 
Tropical South America 
South Asia 
Continental S E Asia 
Insular S E Asia 
West Sahel ian Africa 
East Sahel ian Africa 
W e s t Africa 
Central Africa 
Tropical Southern Africa 
Madagascar 
77000 
48800 
797100 
70600 
83200 
157000 
41900 
92300 
55200 
230100 
217700 
13200 
63000 
47100 
729300 
66200 
69700 
138000 
38000 
85300 
43400 
215400 
206300 
11700 
Tropical Deforestation (Loss in thousands of hectares) 
TABLE 23.3 - EXTENT OF TROPICAL DEFORESTATION 
Tropical rain forests such as those of Brazil, Indonesia, Columbia, and Ivory Coast are of t remendous 
importance not only as forests but also as the largest reservoirs of biodiversity. Tropical rain forests 
cover 7 % of the Earth's land area. They occupy about 935 million hectares which is about 3 5 % of the 
world's total forest area. It is said that at one time the tropical forests of the A m a z o n extended without 
a break f rom the Atlantic coast to the Pacific coast. This situation has now changed drastically. Land 
hunger has led to the clearing of large tracts. It is not realised that the tropical forest soils, which by 
finely balanced cyclic processes can support lush tropical vegetat ion, are little suited for agricultural 
practices once the forest cover is removed. The fertility of cleared forest soil is soon lost, and farming 
which may prosper for a few years, has then to be supported by massive inputs of agrochemicals which 
in turn degrade soil and water. 
The clearing of these forests is .carr ied out not only for agricultural purposes but also for extraction of 
valuable t imber. Further a large part of the populat ion depends on the adjacent forests for fue lwood. The 
gathering of w o o d by poor peasantry for use as fuel is a major contributor to deforestat ion. Together 
with land clearing for agriculture it is a greater cause of deforestation than large scale commerc ia l t imber 
extract ion. It is est imated that 1.3 billion people in the developing world are short of f i rewood. This figure 
may rise to about 3 billion by year 2000. Already rates of clearing in the remaining tropical rain forests 
are very high. Brazil loses over 3.5 million acres, Indonesia 1.5 million acres and Columbia 2 million 
acres, India 500,000 acres, Thai land 700,000 acres and Ivory coast 700,000 acres, per year. 
Though deforestation has been going on through most of human history the present scale of deforestation 
wor ldwide and the rate at which it is accelerating has transformed the problem f rom one of local 
d imensions into one of global nature. The conservat ion of the forests in Brazil is of concern not only to 
the populat ion of that country but to the entire global community as well . Extensive forests such as the 
Brazil ian rain forests have a major influence on the hydrologic cycle through their enormous contribution 
to the load of water vapour carried in the atmosphere. Large scale changes in water vapour content of 
the a tmosphere could influence rainfall patterns in areas and countries far remote f rom the site of 
deforestat ion. 
An immediate and major effect of large scale deforestation however is the change in ability of the land 
to retain water that is received as rainfall. The forest floor acts as a sponge al lowing water to accumulate 
and seep gradually into the soil beneath. It also reduces loss f rom evaporat ion and minimises the 
disruption of the soil itself. Once the cover is gone, the soil loses its water retentive power and the 
valuable top soil , itself, is washed away by water and blown away by wind. 
Loss of Biodiversity 
It is est imated that there are about 5 - 1 0 mil l ion species of plants o n Earth of which about 1.4 mill ion 
species have been identified and recorded. The number of animal species is thought to be in excess 
of 15 million which includes over 8 million species of insects. Tropical rain forests hold a t remendous 
diversity of plant and animal species. Vegetat ion is very dense arranged in many layers which include 
tall t rees, shrubs and herbaceous plants. Within the vegetation and around it an immense number of 
niches are available, providing habitats for a great diversity of fauna. Al though Tropical Rain Forests 
cover only about 7 per cent of the Earth's land area, they are the home of over half of all the species 
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F G U R E 23.9 - REGIONS OF THE EARTH WITH RISK OF DESERTIF ICATION 
of the wor ld . It is stated for example that Panama in Central America has within its small area, as many 
plant species as are found in the whole of Europe. 
Destruction of these valuable forests results in the loss of plant and animal species. There are many 
species that are found only in the forests of a particular country. Such species are said to be endemic 
to that country. If they disappear as a result of deforestation they become extinct i.e. they are lost for 
ever. Since we know of only a fraction of the diversity that exists on earth unknowingly we are destroying 
many more species than the records show. Many of those species that we have never seen and may 
never see again may have great potential benefit to us had they remained. 
The species that now live on Earth are products of the cont inuous process of evolution that has been 
going on f rom the t ime that life first appeared on earth about three-and-a-half billion years ago. W h e n 
a species is lost a line of genetic material and information that has come d o w n to us unbroken over three 
billion years is lost forever. It cannot again be recreated.The pool of genetic material held within the 
mill ions of species now living is the c o m m o n heritage of all mankind. It is the responsibility of the global 
communi ty to ensure the preservation of this biodiversity. 
Biodiversity is important f rom many angles. Because we tend to think mainly of the usefulness of the 
natural systems to mank ind many people consider animal and plant species as a resource for h u m a n 
exploitation. Plants have been a source of medicinal extracts throughout human history and indigenous 
medicine systems such as Ayurveda depend largely on natural products extracted f rom plants. W e have 
only touched the fringe of this great resource. Even many synthetic medicines are variations of the 
chemical structure of active naturally occurring plant extracts. 
Plants also produce, and have the potential to provide, valuable industrial and other products of 
economic importance to m a n . Genetic variation within species bestow vigour on the crops a n d it provides 
the resource for selecting breeding for crop improvement . For instance, the strain of rice grown in Asia 
has been made resistant to some diseases by cross breeding with a single wild Indian species. Quite 
apart f rom the use of biological diversity by man , its more important and natural function is to ensure the 
health and stability of living systems. 
Populat ions of some animals have decreased rapidly. One in every three species of pr imates is in some 
danger a n d one in every seven is highly endangered. A substantial reduction in the populat ion or the 
extinction of a species can have far reaching effects on a finely balanced integrated system such as a 
natural forest or a grassland. There once existed in the plains of United States animals such as the 
horse, prong horn buck, the camel and also the extinct m a m m o t h . Why did these animals disappear? 
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Man the hunter used the technique of throwing weapons about 12,000 years ago to kill the m a m m o t h 
and bison. The saber toothed tiger which depended on these two species lost in competi t ion with man, 
the hunter and the species d ied out. The populat ion of bisons increased rapidly as the populat ion of 
saber toothed tigers decl ined. 
The increasing bison population forced out the horse, camel , prong horn buck and m a m m o t h in 
compet i t ion. Much later the populat ions of bison themselves were drastically reduced by the western 
colonisers of North Amer ican continent. 
23.4 DESERTIFICATION 
Desertification refers to the convers ion of land with vegetal cover into desert. By natural processes 
deserts expand by extention at their periphery with little contribution f rom human activity. However, 
increased populat ion and human activity in arid regions now threaten 35 per cent of the Earth's land 
surface with desertif ication. This will affect 19 per cent of the worlds populat ion. Figure 23.9 shows the 
areas with a h igh or very high risk of desertif ication. As a result of worsening desertif ication the land 
produces less food, supports smaller herds, and therefore can feed fewer and fewer people, leading to 
famine. 
H u m a n activity itself is the major cause of such desertif ication. Some of the commones t practices which 
lead to desertif ication in arid and semi arid regions are overgrazing, overcult ivation, clearing of forests 
for agricultural purposes and fuelwood extraction. In the arid zones of Africa and Asia, the human 
populat ion is growing at an annual rate of 3 - 3.5 per cent, doubl ing every 20 - 35 years. In an attempt 
to increase crop product ion grazing lands are used for agriculture. 
In Sudan for example , a l though agriculture lands area was increased by 1.2 million hectares between 
1960 and 1970 total crop yields dropped to 75 per cent of the original because of the declining 
productivity of the land. Severe overgrazing takes place in many pasture lands. It is est imated that 55 
per cent of the cattle stock in Africa are in arid and semi-arid areas. Human populat ion size and stock 
density in most of the arid areas of Africa have exceeded the limits of natural ecosystem stability. 
In these regions the needs of vegetat ion under natural condit ions are finely balanced to suit the very 
l imited rainfall. W h e n such systems are overgrazed the vegetal cover is destroyed irreversibly leading 
to desert i f ication. Desertif ication in turn is thought to have a negative impact on the cl imate, which 
becomes drier. 
The ways in which climate may be affected are given below: 
INCREASE IN A T M O S P H E R I C DUST Increases stability of the air and with reduced air 
movement there is a reduction in rainfall. 
A bare surface reflects more sunlight than a surface 
covered by vegetat ion. This also reduces rainfall. 
A bare surface presents less resistance to wind. 
Increased wind speeds at ground level can lead to 
increased desiccation 
At tempts to control desert i f ication cannot succeed without a sound ecological approach and an 
understanding of human impact on arid ecosystems. Conservation policies would include control of 
human populat ion and control of stock density. 
A L B E D O C H A N G E S 
C H A N G E S IN S U R F A C E R O U G H N E S S 
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S E C T I O N V 
M A N A G I N G T H E E N V I R O N M E N T 
H uman society has created the present environmental crisis. This same society has now to find the solutions to problems in order to ensure that mankind will continue to live on Planet Earth. In 
order to do this man should learn to manage the environment 
and use it, in a sustainable manner. In this section xoe introduce the concept 
of sustainable development and explain what is meant by Environmental 
Planning and. Environmental Management. It. is emphasized that 
individuals, communities, nations as well as the whole global system has to 
participate in order to transform lifestyles to achieving sustainability and 
to protect the Planet Earth. 
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C H A P T E R 2 4 
THE CONCEPT OF SUSTAINABLE DEVELOPMENT 
24.1 WHAT IS ECONOMIC DEVELOPMENT? 
All economic activities a imed at the improvement of the quality of life of people can be considered as 
constituting economic development. Development produces goods and services and is measured by 
the gross domestic product (GDP). GDP is the total net value of goods and services produced within 
a country during a given period, usually one year. This value at cost prices is referred to as the real 
GDP. W h e n adjusted to take account of income or loss f rom international transactions the value is 
referred to as the Gross National Product or GNP. 
In general all countries and governments wish to maintain or increase the rate of growth of GNP. An 
increase in G D P / G N P reflects economic growth . Economic growth is usually a c c o m p a n i e d "by 
improvements in the standard of living of the people and usually by increase in per capita income; but 
these desirable changes will occur only if the real GDP grows faster than the populat ion. Further, to have 
positive social impacts the benefits accruing from economic growth must be equitably distributed a m o n g 
the people. However, in many countries, especially in the developing wor ld , the benefits of economic 
growth are not evenly distr ibuted. In many developing countries the relatively small numbers who are rich 
grow more affluent while the large majority who are poor grow poorer. Elsewhere in this book we refer 
to the relationship between poverty and the aggravation of environmental problems. Poverty alleviation 
and adjustment of income distribution are therefore important factors in addressing environmental 
problems. Socioeconomic development implies social upliftment of the d isadvantaged together with 
national economic growth. Whereas the state of economic development of a country may be indicated 
by its GDP there are other indices used to indicate the level of socioeconomic development . Such 
indices may take into account social factors like life expectancy, infant mortality, literacy etc. Two of 
these indices are the Physical Quality of Life Index (PQLI) and Human Development Index (HDI). PQLI 
ranges f rom 0 - 1 0 0 . Most developed countries lie near the 100 mark, while most less developed 
countries lie below the half way mark. Paradoxically Sri Lanka's G N P is amongst the lowest of the less 
developed countries while its PQLI is over 80 and is close to that of developed countr ies. 
24.2 THE ENVIRONMENT IN RELATION TO DEVELOPMENT ACTIVITY 
All activities directed towards economic development have an impact on the environment directly or 
indirectly. Even before organised societies were formed there were some activities directed towards 
provision of goods and services and the improvement of living condit ions. The introduction and 
expansion of agriculture, the start and subsequent growth of industrial activity, and the application of 
major scientific and technological advances have had large progressively increasing impacts on the 
environment. W e have often acted as if land and its resources are unlimited. We have a s s u m e d that 
the self c leansing capacity of the atmosphere is unlimited and that the water resources of the earth are 
inexhaustible and have an infinite capacity to absorb waste. 
In the early part of this century a new science of Ecology was born out of the natural history of the 19th 
century. The study of ecology gradually made scientists to recognise the close interrelationship between 
the living and non-l iving systems. They also realised that life itself forms a close knit web held together 
by feeding relationships, by sharing of similar resources, and by competi t ion for space. Out of the 
understanding of ecological principles there sprang a more general understanding of the complex 
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interrelat ionships within the total environment. The landmark publication that conveyed to the ordinary 
citizen some idea of the inter-relatedness of all things on Earth was the book by Rachel Carson called 
'Silent Spring'. The impact of human activity on the finely balanced interrelationships in nature was 
explained in this book to laymen. A clear warning that human activity and the input of man-made 
materials into the environment could destroy vital parts of the environment also emerged . Specifically, 
the publication refers to the use of DDT in the control of pests, fol lowed by the accumulat ion of that 
chemical in living organisms and its destructive effect at the higher levels of the food chain. In the latter 
half of this century there has been a rapid increase in, and disseminat ion of, the body of information on 
the interrelationships between human activity and the quality of the environment. 
There is now a general acceptance among governments, policy planners, decision makers, economists , 
industrialists, agriculturalists and all other categories of people involved in development activities, that 
adverse impacts of such activities on the environment can no longer be ignored. Global concern found 
expression in the first world conference on The Environment held in Stockholm in 1972. In 1983 the 
United Nations appointed a World Commission on Environment and Development headed by Gro Harlem 
Brunt land. The report of that commission published under the title 'Our Common Future' brought into 
sharp focus the problems of development vis a vis the environment. In June 1992, a second world 
conference at summit level, the Conference on Environment and Development (UNCED) was held 
in Brazil . It is hoped that all nations will play their part in implementing the program of action adopted 
by U N C E D 'Agenda 2 1 ' . This program of activities covers all aspects of environment and development. 
A n d if implemented by the world community it would make the goal of sustainable development a reality. 
24.3 WHAT IS SUSTAINABLE DEVELOPMENT? 
The Wor ld Commiss ion on Environment and Development defines sustainable development as 
'development which meets the needs of the present without compromis ing the ability of future generations 
to meet their own needs'. Development itself involves interactions between man and natural resources. 
It is the utilisation of these resources, whatever their form, that leads to environmental change and 
damage . Resources are usually categorised into non-renewable and renewable resources as explained 
in Chapter 6. Non-renewable resources are all non-l iving and include materials like copper, iron, sand 
and granite. Renewable resources fall into two categories: living and non-l iving. Non-l iving renewable 
resources include air, water and soil, some of which are often described as non-exhaust ible. 
Non-l iving resources are finite in quantity. The total quantity of any metal or mineral on planet Earth 
accessible to man for his use is absolutely finite. When dealing with finite resources sustainable 
development amounts to planned exploitation and management whereby the resource is made to serve 
the communi ty as efficiently as possible and for as long as possible. Even under these condit ions it has 
to be accepted that a particular resource will not be available beyond a certain projected t ime. Sustainable 
development requires, then, that alternatives and substitutes be found. 
This concept can be well il lustrated by the example of energy resources. Fossil fuels originated in the 
Carboni ferous stage of the Earth's history (360 to 286 million years ago.) They consist of the bodies 
of plants, long dead and fossil ised and then transformed into coal, petroleum and gas. The rate of use 
has increased rapidly especially in the 20th century. Now as we approach the 21st century, projections 
can be made of how long the world oil and coal reserves will last. Petroleum may last until the middle 
of the 21st century. Coal deposits may serve us for another 500 to 600 years. 
Sustainable development in respect of energy resources demands firstly an efficient use of fossil fuels 
wor ldwide and secondly the development of substitutes against the t ime when we would have exhausted 
them. Alternative sources of energy have to be investigated. There seems to be considerable 
potential in the harnessing of wind power. Much of the world uses fuel wood which is renewable and 
it is possible that this practice will continue and expand as part of the strategy for sustainable development. 
Solar energy itself which drives the processes of the entire earth system can be harnessed photochemically 
and by the use of solar cells as discussed in Chapter 10. As a result of the availability during the past 
decades of cheap fossil fuels policy makers did not see the need to invest resources for developing new 
forms of energy. This is no longer the case. Research and development on harnessing wind power in 
the United States is now progressing rapidly. Wind power may become an important source of energy 
by the end of this century. The ultimate substitute for fossil fuels would probably be the use of fusion 
reactions with heavy hydrogen as the base. When , somet ime in the 21st century the technology of 
control led hydrogen fusion is mastered, energy for human activity and development will become a 
non-exhaust ible resource. 
Another non-renewable resource crucial to economic development is phosphate. Phosphate occurs 
mostly as rock phosphate in deposits in various parts of the world as discussed in Chapter 7. It is mined 
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and converted by chemical processes into soluble phosphate compounds which can then be absorbed 
as nutrients by plants. Phosphorus is a macronutrient required for plant and animal growth. It's 
availability and regular supply is crucial to the practice of agriculture and therefore to the economic 
development of all countries. The island of Nuaru in the Pacific ocean was almost completely covered 
with rock phosphate . The economy of that country depended entirely on the mining and export of this 
material . In a few years t ime the country would loose its economic base. Additionally it wou ld have to 
cope with the costs of restoring an environment destroyed by extensive mining operat ions. The picture 
of phosphate resources for the future is one that is of great importance to the world as a ' W h o l e . 
Phosphates are mined, t ransformed and applied as fertilizers to the soil . A part of the phosphate applied 
in this manner leaches out of the soil, passes down waterways into the rivers and is then carried into 
the ocean where most of it is lost to human use for somet ime. 
As in the case of fossil fuels the total phosphate available on earth is finite and will be exhausted at one 
t ime or another! What will happen to agricultural development and expansion in a condit ion of 
diminishing phosphate resources? Can industry and technology produce alternatives? W e are unable 
to answer this quest ion at present but we can do something to meet the chal lenge. One approach is 
to change f rom heavy dependence on artificial fertiliser inputs to large scale use of organic fertilizer. In 
addit ion to this, the proper management of inputs and the minimisation of loss f rom the soils are also 
necessary strategies important for sustainable development. 
The two examples given above show the link between sustainable development and the use of two 
critical non-renewable resources. While attempting to extend the period during which the source remains 
available we have to generate attitudes and policies designed to find viable alternatives. 
The use of renewable resources also cause problems though of a different kind. Renewable resources 
include some that are obviously renewable and directly related to economic development such as 
agricultural produce (grains, meat, milk, etc). Limited land area has to produce increasing quantit ies of 
food for expanding world populat ions. At the t ime of the 'green revolution' in the early seventies it 
appeared that science and technology had the answer to the problems. Breeding operations produced 
high yielding strains of crop species and the use of these c u l t i v a r s greatly increased crop product ion. 
But these crop strains demanded high input of fertilizers and pesticides. Over the years agricultural 
practice involving the use of these high yielding strains and application of large quantities of agrochemicals 
have led to degradat ion of the soil, the accumulat ion of chemical residues in land and in water and 
eutrophicat ion of inland waters. Serious doubts have been raised whether such systems of intensive 
farming can form the basis of sustainable agricultural development . 
The pressure on land, as the land-man ratio decreased has led to the use of unsuitable marginal lands 
for agriculture. Crop yields on such lands are low and the land degrades further into eventually being 
of use neither to man or nature. Land hunger has also led to rapid deforestat ion and the use of the land 
so obtained for rainfed agriculture. Such forest clearing has occurred in Sri Lanka both through official 
channels as well as through encroachment by individuals and groups of individuals. 
A considerat ion of the concept of the sustainable development will not be complete wi thout the 
discussion of the impact of development on natural ecosystems. From the point of view of economic 
development the transformation of a natural ecosystem into an artificial man-made ecosystem whether 
for agriculture, plantat ion, forestry, human sett lement or any other activity could be considered as 
a progressive step. Large development schemes where rivers are d a m m e d and forest land, grasslands 
and wet lands are converted into irrigated agricultural land radically transforms the landscape and alters 
the interrelationship that existed between components of natural ecosystem and between the ecosystem 
themselves. Until recently it was not realised that the magnitude of the transformation threatens the very 
sustainability of the development project. 
Removal of the forest cover starts the process of soil degradat ion. Changes in the water regime of the 
soil through irrigation may cause salinisation. Discharge of nutrients into reservoirs promotes eutrophication 
and causes the drying up of natural wet land. The loss of natural ecosystems deprives wildlife of their 
range lands and depletes populations of plants and animals. All these factors operate against the 
development projects. 
24.4 SUSTAINABLE DEVELOPMENT - INTEGRATION OF ENVIRONMENTAL CONSIDERATION AND 
DEVELOPMENT NEEDS 
If human civilization as we know is to survive, a global effort must be made to address the current trends 
in environmental degradat ion. Until very recently decision makers , policy makers , development planners, 
and economists looked upon their task of economic development detached f rom its link with their 
environment. For a project to be considered technically feasible, economical ly viable and socially 
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acceptable all that was looked at was whether there was a d e m a n d for goods, and services and whether 
it wou ld be profitable. All over the wor ld , including our own country, economic development has 
proceeded on this basis. Up to a point in t ime this strategy has achieved its stated goals in most cases. 
But everywhere, the lack of considerat ion for the environment has begun to show adverse effects. There 
is now an increasing recognition of the importance of integrating environmental protection measures into 
development projects and appropriate action is taken particularly in the developed wor ld . The developing 
countries are also now recognising the need for ensuring that their development efforts remain sustainable 
by taking appropriate environmental safeguards. 
Basically the new strategy requires that first importance must be given to the environmental costs of any 
development project and environmental considerat ions have to become an integral part of the planning 
process. Environmental ists, scientists and managers have to become an integral part of the team that 
is involved in development planning. This should be the approach in deal ing with the management of 
all natural resources and especialy in development activities that impinge on natural ecosystems and 
their stability and where major transformations of landscape and of ecosystems takes place. 
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C H A P T E R 2 5 
ENVIRONMENTAL PLANNING AND MANAGEMENT 
In recent decades, the need for environmental planning and careful management of resources has 
become generally accepted. It began in developed countries, and spread to developing countr ies. In the past 
a certain degree of planning which took environmental factors into account was pract ised. This was done 
without real understanding of its signif icance. Good examples of early planning can be seen in the ruined cities 
of the past, f rom the earliest Sumer ian cities through Greek and Roman civilization to modern t imes. Certain 
primitive peoples designed their houses to harmonize with nature. For instance the Amer ican Indians of 
Arizona who built houses in Mesa Verde some thousands of year ago did so in hollow recesses in steep hill 
s ides a n d so posit ioned that they were shaded f rom the s u m m e r sunshine while being w a r m e d directly in winter. 
This shows that they had an understanding of some aspects of the environment and planned their construct ions 
to fit into those aspects. This is the 'design with nature' concept. 
On the other hand, many modern houses in all parts of the world took little note of environmental 
factors a n d are compel led to depend on energy produced f rom fossil fuels for warming and cool ing in their 
houses. 
Environmental planning takes place at local, regional, national and global level. Where an activity is 
limited in scope and in space, its impacts on the environment may not be very large, especially if the activity 
results in deve lopment which fits into an existing pattern. Thus construct ing a house o n vacant land in a built 
up area may not involve major decisions in relation to environmental effects, though obviously the plan must 
al low for inputs such as water and electricity and outputs such as waste water, sewage and solid waste . On 
the other hand if the plan is for the development of an entirely new housing estate on land that is currently under 
another use environmental effects of the development will be very much larger. Then more detailed environmental 
planning becomes necessary. A good example would be the case of the Muthurajawela marshes outside 
Colombo. The marshes lie south of Negombo lagoon and form a wet land system, now serving as a refuge and 
a nesting habitat for a large number of birds, and including a particular assemblage of vegetat ion and of animals. 
It lies between developed urban areas of Negombo to the north, Co lombo to the south, and developed areas 
to the east as wel l . It forms a natural dra inage system for those built up areas. Therefore convert ing a marsh 
such as this into a major housing estate or into any other built up activity, needs careful evaluation and planning. 
Informed decisions have to be made choosing between various options while keeping major environmental 
factors in mind. 
25.1 LAND USE PLANS AND ENVIRONMENTAL PLANNING 
Such environmental planning is required in respect of development activities which tend to make use of, 
modify or t ransform available natural resources especially of land and of water. Therefore, in order to 
illustrate the principles and concepts of environmental planning, it is appropriate to use the development 
of land use plans as an example . 
The land area in any country is finite. In fact, land areas can be lost in marit ime and island states due 
to coastal erosion, and usable land areas can be reduced by other factors too, as we have seen. 
There are four basic e lements that have to go into the making of a proper land use plan. 
1. A statement of the land use issues, goals and objectives. 
2. A summary of data collected and analysed. 
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3. A land classification map. 
4. A report that describes appropriate development for areas of special environmental concern. 
Having set d o w n issues, goals and objectives the major part of land use planning is the collection and 
analysis of data. The range and depth of data to be collected relate to the particular configuration of 
the land and also to the stated goals and objectives. The land planning process is il lustrated by a flow 
chart in Figure 2 5 . 1 . The data to be collected would fall under the fol lowing broad categories: 
25.1.1. Existing environment 
Data on populat ion and current economic activities and social infrastructure. 
Inventory of existing land use. 
Current trends, plans and policies. 
Existing regulations. 
25.1.2. Limitations 
Land potential 
(a) Physical l imitations 
areas subject to natural hazards 
areas with poor soil conditions 
scanty sources of water 
areas under steep slope 
(b) Fragile areas - A distribution in extent of important ecosystems such as unique natural areas. 
scenic areas 
prime wildlife habitats 
wet lands 
open waters 
beaches 
(c) Available resources 
Forests 
Parks 
Highly productive agricultural lands 
marginal lands for plantation forests 
mineral deposits 
(d) Potential for Communi ty use 
water and sewer service infrastructure 
capacity for extension of infrastructure 
25.1.3. Estimated demand 
Populat ion trends projected over a ten-year period or longer 
Major trends in economy and development 
Assessment of basic facilities needed over the projected period. 
25.2 LAND CLASSIFICATION AND LAND USE POLICY 
On the basis of data collected and the analysis of such data a land classification map is evolved which 
becomes the keystone of the land use plan. A land use plan once designed, if implemented, becomes 
a statement of land use policy. Such a policy is designed to coordinate land use at local, regional and 
state level, guide investment programmes, zone the development of various facilities and coordinate and 
control decision making. 
The fol lowing is an example of a land classification system. Five categories may be identified: 
Developed, Transit ional , Communi ty , Rural, Conservat ion. 
Developed With high populat ion density, diverse land uses, and considerable infrastructure. 
Transit ion : Gradually increasing populat ion density and social infrastructure. 
Communi ty Population density low, where neither populat ion nor infrastructure facilities are 
expected to increase. 
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Rural Land use mainly agriculture, forestry, wet lands, water supply. Use linked to natural 
resource potential . 
Conservat ion : Lands identif ied as being essential for the health of ecosystems a n d m a n , carrying 
fragile systems as well as those that are unique and irreplaceable. 
Accompany ing the land use classification there would be a report which lays d o w n guidel ines and policy 
opt ions. Special attention would be directed to areas of special environmental concern . For instance 
such a report would indicate any areas that must not be touched by deve lopment and must be al lowed 
to remain unaltered. A land use plan in this country would include under that category the Sinharaja 
forest, the Peak Wilderness, the Knuckles Wilderness, Steep slopes in the hill country, coral reefs a n d 
the habitats of the Dugong. The report would state very precisely what uses would be permissible in 
such areas designated as conservat ion areas. 
Land use plans have formed the basis on which zoning policies for urban areas have been developed. 
In more developed countries zoning plans once formulated are enforced quite r igorously. In developing 
countr ies though plans may exist they are often not implemented fully or not implemented at all. Most 
urban areas in the developing world have had haphazard development leading, as t ime goes on, to 
conflicts between users and environmental degradation and pollution. In our own country the first wave 
of industrial development near the city of Co lombo took place in Ratmalana. But over the years individual 
development has been intermixed with residential development and conflicts have arisen as a result of 
chemica l pol lut ion, noise pol lut ion, a n d dust pollution. Also because zoning policies are not rigorously 
applied there has been proliferation of house-based small industrial activities in primarily residential 
areas. These include motor repair garages, bakeries, sawmil ls , stone crushing industries, a n d weld ing 
concerns. 
25.3 ENVIRONMENTAL IMPACT ASSESSMENT 
The principles which w e have outl ined above in relation to land use plans apply with modif ication to all 
aspects of the environmental plan. It has already been stated that environmental considerat ions need 
to be built into a developmental p lanning process from the first steps and must cont inue throughout 
the process until the time of complet ion of the project and even afterwards. In many countries of the 
wor ld including our o w n , it has now become a legal requirement for development projects to include an 
Environment Impact Assessment (EIA). 
A s stated earlier every h u m a n activity has some effect on the environment, somet imes for the good but 
most often for the bad. However, with the present understanding of the nature of natural systems and 
how an activity can affect these systems, it is possible to take meaningful steps whereby adverse effects 
of development activity can be minimised. The possible effects of human activity on the environment, are 
referred to as environmental impacts. 
With the enactment of the N a t i o n a l Environment Policy in the USA in 1969 the term environmental 
impact has become widely known. The act requires that all major federal act ions that cou ld possibly 
affect the quality of the human environment, be preceded by an evaluat ion of the project and its impact 
o n the environment . This takes the form of Environmental Impact Assessment (EIA) or Environmental 
Impact Status (EIS). 
The main e lements of an Environmental Impact Assessment are as fol lows: 
1 . The descript ion of the existing environment. 
2. The descript ion of the project, its objectives and benefits. 
3. The descript ion of the effects of the project. 
4. The descript ion of the impacts on the environment, short te rm and long term. 
5. Possible attention to the project evaluation of alternatives and justif ication of choice. 
6. Projection of environmental condit ion of the site with and without a project. 
7. Methods for reducing or mit igating adverse environmental effects. 
Obviously it wou ld be neither practicable nor necessary to carry out detai led ElAs in respect of every 
single development project that is undertaken by the local body, regional body or individuals. As stated 
earlier construct ion of a single house in an already built up area, needs only to conform to the building 
requirements and regulations for that area. It is assumed of course that those requirements are designed 
with environmental factors adequately provided for. Major projects on the other hand need to have 
detai led ElAs. In the case of many projects which fall within the extremes a detai led EIA may not be 
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necessary but an Initial Environmental Examination (IEE), which makes as assessment of whether 
there are likely to be important environmental constraints is often sufficient. Whi le the EIA fol lows the 
steps that are set out above, the nature of data collection and analysis will vary with the particular project 
under considerat ion. 
To illustrate this point we may consider 2 examples. First is the proposed coal fired thermal electricity 
generat ing plant which w a s to be sited at Tr incomalee. A number of sites f rom all parts of the island 
were first considered. The field was narrowed down to core sites around Tr incomalee harbour area. 
Major considerat ions in site selection and feasibility studies concerned engineer ing problems of 
construct ion, power generat ion, coal supply and transfer. However it turned out during the public debate 
that fo l lowed, that environmental analysis had not been adequate. 
Terms of Reference 
In every project of this nature the developer and the approving authority have to begin by drawing up 
detai led terms of reference for the EIA that has to be carried out. In the case of the coal-f ired generating 
plant the major impacts on the environment are likely to be derived from 
1. Transformat ion of the site and surroundings 
2. Inputs into the atmosphere from flu gases 
3. Effects of intake of water for cooling 
4. Harmful effects of heated water discharged into the environment 
5. Pollut ion of land and water by the constant stream of coal ships, coal transfer f rom ship to site, 
coal storage, storage of ash, and the disposal of ash. 
On the basis of these general projected areas of impacts and the terms of reference, direct attention 
to quest ions should be addressed and answered. In the case of the Tr incomalee coal-f ired plant 
s o m e of the i tems in the terms of reference would include the fol lowing: 
1. The various coastal habitats within a designated distance from of the site 
2. The various terrestrial habitats within a designated distance from the site. 
3. Existing land use pattern. 
4. Existing economic activity. 
5. Hot water discharge into the estuarine system. 
6. Hydrological condit ion in the harbour area and the associated bays and estuaries. 
7. Depth profile of Tr incomalee harbour, adjacent waters, existing current patterns, littoral drift, the 
extent of thermal p lume and it's variation in relation to wind and current systems. 
8. Existing rainfall patterns, wind shift and direction. 
9. Air pollution and its spread over the island. 
The data collected and analysed have to be related to possible impacts of these systems on plant 
and animal communi t ies , endangered species, existing social infrastructure, present plans and future 
developments . 
A different type of project would require an EIA where the terms of reference would direct attention 
to other factors which may be of prime importance in relation to that project and its impact. 
25.5 EIA - MAHAWELI DEVELOPMENT PROJECT 
The first complete environmental impact assessment in this country w a s carr ied out in relation to 
Mahawel i Development Project by a team of consultants. In this case the course of a river was partly 
changed, a number of dams were constructed in its course, and new reservoirs sited where there was 
no standing body of water before. The project called for inundation of large areas of land including whole 
vil lages and towns. Lands which were under different uses became part of reservoirs. There was 
attendant loss of flora and fauna, displacement of populat ions from the project areas, resettlement of 
populat ion into the project areas, interference with the flow patterns of the river and the transformation 
of what w a s once forest into agricultural lands. A water regime which for thousands of years alternated 
between a long dry spell and a short wet spell each year changed to one in which irrigated agriculture 
could be pract ised throughout the year. The above list which is not complete shows very clearly how 
drastic a t ransformat ion of the environment was made in the Mahawel i Project. The Impact Assessment 
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here would not look at the hydrology of the bays and harbours or the current system of coastal 
conservat ion because they are not relevant. It would address problems such as deforestat ion, erosion, 
siltation of reservoirs, migrat ion routes of elephants, growth of aquatic weeds in irrigation channels , 
salinisation of poorly drained soils etc. 
25.6 ASWAN HIGH DAM 
S o m e of the major adverse long term consequences of dams a n d reservoir construct ion are dramatical ly 
i l lustrated by the case of the Aswan High Dam. The river Nile has f lowed through Egypt and Sudan into 
the Mediterranean ocean for many millions of years. Every year the river f looded and the f lood waters 
carried with them silt that regularly refertilized adjacent farmlands and the delta. 
A great civil ization prospered on the bounty of the Nile waters. The need for economic deve lopment and 
growth, and the need to provide sustenance for increasing populat ion prompted the Egyptians to take 
measures to improve upon what nature had provided. Instead of wait ing for seasonal f loods they thought 
it better to prevent f looding, store water, irrigate the land and multiply its product ion potential manyfold . 
Therefore in 1902 the first A s w a n D a m was built to create a reservoir of water. Unforeseen adverse 
effects emerged . The pressure generated by the reservoir water reversed the flow of ground water f rom 
the adjacent aquifer sys tem into the river, reducing dry weather f low drastically. Large amounts of water 
were lost by high rate of evaporat ion accelerated by high wind velocity. However the Egyptians decided 
to bui ld the A s w a n High d a m in 1964, one of the largest dams and reservoir projects in the wor ld . 
This d a m was completed in 1964. Assessments of the environmental impacts of the new d a m show that 
it has created a number of problems; some of which are long term and irreversible. The twin problems 
created by the smal l d a m have been greatly aggravated by the high dam. Wi th depth of water 30 t imes 
that of the small d a m , the reversal of ground water f low is expected to have increased to an extent yet 
unassessed a n d with a larger surface area of reservoir water, the loss due to evaporat ion has increased. 
Accumulat ion of silt behind the dam is creating a problem. There is no passage of silt to the areas below 
the d a m reducing fertility of soils and increase in the requirements of fertilizer inputs. 
It is est imated that the reservoir traps 134 million tons of Nile's sediments which historically replenished 
fertile soils a long the banks of the river. Further, the flow of Nile water into the Mediterranean and 
therefore input of nutrients into coastal waters has been reduced depressing plankton product ion in the 
area by 1/3 and reducing fisheries that depended on the plankton. 
Another problem is the increase of Schistosomiasis. This is a disease caused by little w o r m s that live 
as parasites in the h u m a n blood stream. The larval stages live in snails and enter a human host through 
infested water. The disease has existed in Egypt for a long t ime. But with the increase in standing water 
areas the numbers of snail hosts have increased t remendously . No longer f lushed by Nile waters , this 
has led to an increase in disease. 
Similarly breeding areas for the mosquito that transmits the killer type of malaria have increased. In 
addit ion soil salinity has increased rapidly. In middle and upper Egypt this has been a long standing 
problem. In the Nile delta regular f lushing by flood waters mitigated the problem by washing the salts 
out of the soil . Huge s u m s of money will have to be expended to counteract rising salinity. 
There are of course major benefits that have accrued f rom the high d a m . 2800 sqkm now have water 
and double cropping is possible. Against this a t remendous amount of money will have to be spent on 
fertilizer and control of disease. w 
25.7 THE PROBLEMS OF DECISION MAKERS 
The examples cited above indicate some of the problems that have to be faced by decision makers and 
planners in the final evaluat ion a n d decision making relating to each project. The resultant changes 
could have enormous environmental consequences. The preliminary feasibility studies for a project 
fo l lowed by lEEs or E lAs present to the decision maker, a statement a n d analysis of benefits a n d 
impacts, of costs and benefits, and the decision maker has then to arrive at a correct decision. Whether 
society can accept a higher level of disease incidence in order that a higher level of product ion can be 
achieved; whether the loss of thousands of acres of virgin forest is acceptable if the economic wel l -being 
of the people can be assured, whether future changes in soils and fertility need to be considered as major 
factors in the process of trying to achieve a better life for people who exist at the present t ime. Quest ions 
such as these have to be weighed very carefully and decisions taken. It is a requirement of the EIA 
legislation that before arriving at decisions the EIA has to be open for public debate and decision maker 
has to take into account the views expressed by individuals, communit ies and organisat ions. 
It can be seen f rom the above statement that the EIA procedure becomes a prime management tool . 
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It becomes more important than project feasibility that until recently w a s determined only by considerations 
of engineer ing design and construction and of economic costs and benefits. The EIA procedure brings 
to the forefront the environment costs and benefits as parts of the planning and decision making process. 
A requirement whereby public involvement is made mandatory makes it necessary also for the public to 
have as much awareness information concerning various environmental problems. In western countries 
public concern is now a major factor. Environmental groups and lobbies have now begun to enter the 
political process with 'green parties' in var ious parts of Europe and USA. In this country too there is a 
growing number of non-governmenta l organisat ions (NGOO) whose awareness and concern for 
environment has been increasing in recent years. 
W h e n properly implemented, the EIA procedure is a very effective tool for ensuring that development and 
environmenta l considerat ions would go hand in hand. The process is not antagonistic to development 
but ensures that the environment for future generations shall only be minimally affected, if at all. 
Since the EIA is such an important part of this sustainable development procedure it is obvious that the 
assessment concerned have to be carried out by highly qualif ied and exper ienced teams of experts. 
Earlier in the Chapter we referred to some aspects that need to be addressed in specific or iented ElAs. 
It is clear that no one person can carry out such an assessment . It requires a combined effort of 
c l imato logists , soil scient ists, aquatic biologists, foresters, conservat ion experts , hydrogeologists , 
oceanographers , etc. ElAs conducted in this way provide to the policy maker a n d decision maker the 
best available data set, data analysis and policy options. Given the growing acceptance of the need for 
combinat ion of ecology and economy, the politician and the planner should be able to make the correct 
decisions for the region, the nation and the globe. A crucial factor is of course political will and 
commi tment to the greater good of future generat ions, while providing for adequate means of l ivelihood 
for the people of today. 
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C H A P T E R 2 6 
THE INDIVIDUAL,THE COMMUNITY 
AND THE ENVIRONMENT 
In earlier chapters of this book we have learnt about the natural environment and how h u m a n beings 
have contr ibuted over the years to its degradat ion. It is often not realised that changes in the envi ronment are 
ultimately due to the activities of the people acting as individuals and as groups and as organised parts of 
communi t ies and nations. 
By the end of the century it is projected that there will be 6 billion people living in the wor ld . Every 
one of these 6 billion has some effect on the environment in the course of his or her life. Though we all 
contribute to environmental degradat ion, we tend to consider that conservat ion or protection of the env i ronment , 
is a matter for the governments , local authorities or special groups of persons. It is true that such organised 
groups bear the major share of protecting and conserving the environment. However, the establ ishment of a 
new relationship between mank ind and nature, between development and economy, d e m a n d s the fullest 
participation of every single individual. 
In this chapter we shall try to understand the responsibil i t ies of individuals, communi t ies and 
non-governmental organisat ions, in helping to mitigate the harmful effects of our activity and to restore, to some 
extent, the balance between man and nature. 
26.1. CONTROL OF POPULATION GROWTH 
It is clear that many of our major problems are traceable to the fact that there are just too many people 
living on earth, particularly in developing countries. A general awareness of this fact has to be created 
a m o n g ordinary people. In developed countries, this truth has been accepted for some time and 
voluntary control of populat ion growth is now in effect. In certain countr ies, perhaps this control of 
populat ion growth has proceeded too far; some of them now experience zero or even negative populat ion 
growth rates. This is not the case in most of the developing countr ies, where lack of knowledge and 
understanding, influence of tradition and customs and the dictates of religion have combined to prevent 
adequate control of populat ion growth. It is the responsibility of each individual family to limit family size. 
It is also the responsibility of those with knowledge and understanding to explain to others around them 
in their various communi t ies , the need for such limitations. 
26.1.1. Impacts of family size 
In earlier chapters we have discussed the impacts of large family size on the home environment and also 
on the health and development of young members of a family. While organised programmes of family 
planning and family health are delivered by government , local government and semi-government 
organisat ions, it still remains the responsibility of individuals and unofficial groups to carry forward the 
total message of populat ion control and limited family size as keystones, of any strategy to protect and 
conserve the environment. 
26.2 CREATION OF PUBLIC AWARENESS 
The next major factor in public participation in environmental protection is the creat ion of general 
awareness of natural processes and their interrelatedness and of the consequences of h u m a n activity 
a n d deve lopment o n the environment. In recent years the formal system of educat ion has at tempted to 
bring the message across from the earliest stages of the school system. This approach has worked well 
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in deve loped countries where civic awareness regarding the environment has now reached high levels; 
local authorit ies as wel l as government agencies do not now carry out actions without the approval of 
the communi t ies and groups concerned. In our country, environmental awareness is still in its infancy. 
Yet, it needs to be realised that chi ldren and young people of today are going to be the policy makers 
and environmental managers of tomorrow. The problems that the next generation will have to face are 
enormous . Their solut ions will require informed action and participation by all cit izens. 
The understanding of the environment requires an interdisciplinary input of information and analysis. 
This is not available today in the formal system. The objective of this course of lessons, itself, is to 
contr ibute in some way to filling this vacuum. It is expected that those who follow this course will not 
only apply the knowledge gained in their own working life, but will also spread the understanding to 
others around them. It is possible that as far as environmental matters are concerned a reverse learning 
a n d teaching process may have to operate for some t ime. The older generat ion in most cases may not 
be environment conscious. The younger generation will increasingly have knowledge and understanding 
w h i c h have to be passed on to the older generations. 
The importance of a general understanding of environmental concerns is important if ordinary people are 
to play an effective role in environmental protection and sustainable development. A system of checks 
and balances or adequate controls have to be built into the development process, and public responsibility 
in this matter is of great importance. Everyone accepts that development is essential for the well being 
of communi t ies . The path that was fol lowed in the past, where no attention was paid to environmental 
consequences of development , is the easiest path for the politician and the planner. But as we have 
repeatedly emphas ised , that path cannot be fol lowed any longer. 
26.3 P U B L I C A S E N V I R O N M E N T A L W A T C H D O G S 
The general public has to become the watchdog for the environment. This is so in deve loped countries 
at present. It has to become so in our countries as well . In the chapter on Environmental Planning and 
Management , w e have referred to mandatory requirement for Environmental Impact Assessment (EIA). 
It was pointed out that part of the EIA process is public debate. The public debate would be meaningless 
in the absence of public opinion that is well informed and balanced, that is able to make appropriate value 
judgments . This capability can only emerge over a period of t ime through constant effort. 
W e may give a few examples to illustrate this concept. The energy demands of this country require 
additional sources of power generation. Possibilities are hydropower, oil-fired thermal generation, coal-fired 
thermal generat ion and nuclear power. The country and the economy needs increasing quantities of 
energy. S o m e form of power generation is required for the cont inued well being of the people.. On the 
other hand, each approach to power generation has its own problems. When the government proposed 
to install a coal-f ired thermal plant at Tr incomalee, there was much debate and crit icism, hu t informed 
public participation was l imited to a few. non-governmental organisations and individuals. An analysis of 
the debate shows that while some objections were well founded, there were others that did not have 
m u c h substance. 
Proper understanding is essential for acceptance of control of various economic activities which can have 
short and long term adverse effects on the environment. This may be illustrated by reference to two such 
activities in this country which are very damaging. The first of these is sand mining along river courses. 
As stated in earlier chapters, river sand is a resource which is utilised in the building industry. The rivers 
erode rocks and banks and carry in their waters a load of sediment which normally goes down to the 
sea to be distr ibuted along the beaches. In rivers like the Kelani Ganga, large amounts of sand are 
removed. As a result, the bed of the river in certain places has been lowered below sea level. Sea water 
comes in with the tide and can accumulate in such places. Moreover, in extreme dry weather, the 
amount of sea water coming in increases. During the severe dry spell exper ienced in early 1992 a major 
consequence of sand mining activity was felt in the Colombo water supply system when water supplied 
to consumers became salty due to salt water intrusion. The need for control of the amount of sand 
removed f rom the river bank was thus dramatically i l lustrated. Public understanding of this is required 
for acceptance of control measures by those engaged in sand mining, by the building industry and by 
local government agencies and government agencies. 
The second example is that of coral mining. As in the earlier case, a smal l group of individuals are 
engaged in an income generat ing activity which has been practised in this country for a long period of 
t ime - mining coral f rom coral reefs a long some parts of the coast. The coral is burnt to produce lime, 
which is used in the building industry. As in the other case, employment activity of a few people are 
having long term effects on the well being of large numbers . Those w h o lose employment if this practice 
is s topped naturally protest against such measures. However, proper understanding of the problem 
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and its consequence , will lead to solutions where alternatives are found for support and income 
generat ion, leaving the threatened environment or habitat unharmed. 
26.4. CONTRIBUTIONS OF INDIVIDUALS AND GROUPS 
In the fight to restore the proper relationship between man and nature, individuals and groups of 
individuals have even more positive roles to play by taking upon themselves the responsibil i ty of 
carrying out environment friendly activities in their normal life and work. In all parts of the country, 
especially in the wet zone a n d the hill country there are f o r e s t g a r d e n s . Est imated land area in the 
forest gardens is almost a million hectares. A mixed forest garden in the wet zone is considered to be 
a good imitation of a natural w o o d e d system. Restoration of such systems to their original status, a n d 
the applicat ion of new knowledge and understanding to the maintenance of such systems is a major 
positive step in environmental conservat ion. 
In other parts of the country, especially in the drier areas where forest have been cleared for homesteads 
and agricultural blocks, the individual holder of land has a greater responsibil ity. Unfortunately, a 
general attitude is one of dependence on government assistance and government subsidy. The 
conservat ion of soil , the proper use and management of water, the use of multiple systems of cropping 
are all fundamental approaches that every single person dealing with land and water needs to master 
and adopt. Soil is one of our most precious possessions. The small plots of land are the basis of wealth 
of individuals and therefore the basis of the wealth of the nation. 
The same approach is required on sloping hill sides where agriculture is pract ised. The person w h o tills 
the land on a hillside has even greater responsibilit ies than the person o n dry land or the resident in a 
home garden. It is the same equation of soil, water and plant, but with the soil exposed to m u c h greater 
hazards. In our hill country, there has been substantial land degradat ion and soil erosion due to faulty 
practices and also due to willful careless activities. A complex of approaches specifically designed for 
successful agriculture on hill s lopes has been developed a n d appl ied in many parts of the wor ld . These 
approaches and technologies have to be learnt and used by our hillside farmers. 
Basically, a conscious effort has to be made by individuals and groups and by the appropriate 
government agencies to learn and apply the principles of soil conservat ion. In addit ion, proper water use 
and management are essential . W e have a tradition in this country of using very much more than the 
required quantity of water in most of our agricultural activities. Water, like soil , is a very valuable resource. 
It is not only a question of waste, but also a question of damaging soil and land, especially in paddy 
fields, where poor drainage leads to water logging and salinisation. 
An educated approach to the use of agrochemicals in the form of fertilizers and pesticides is also an area 
where individual and community consciousness is essential for the protection of the environment , 
especially of land and water. As in the case of water, the farming communi ty in this country is often guilty 
of over application of agrochemicals . A few decades ago, in many farming communi t ies it was a practice 
to use green manure and organic manure almost exclusively. There is now a trend in many places to 
return as much as possible to that practice. The advance of science points the way with the identif ication 
of nitrogen fixing trees whose leaf b iomass can also be used for improving soil quality and for adding 
fertilizer to the soil . The Sloping Agriculture Land Technology (SALT) incorporates s o m e of these 
techniques into the methods used. Integrated Pest Management (IPM) is not simply an approach that 
can be used only by a research organisat ion and on large plantat ions. It is an approach that can be 
appl ied on individual farms small and large. 
Even solutions to the problems of deforestation in the country have components which are the 
responsibilit ies of individuals and groups. The current populat ion of this country is in the region of 17 
mill ion. If every individual plants a single tree of appropriate species in an appropriate location each year, 
that would mean an additional 17 million trees with little effort and at no cost. 
The country depends on fue lwood for most of its energy. In the search for fuel, much damage is done 
to natural forests which are already deplet ing at a rapid rate. In many parts of the country a round vil lages 
and tanks, marginal lands lie making little contribution to human welfare. The planting of such 
marginal lands with appropriate fue lwood species is an exercise that can bring great benefits to a vil lage 
communi ty . Individuals can also increase their own fuelwood production within their own gardens. But 
as communi ty activities, with the assistance of public sector agencies, it is possible to achieve an order 
of magni tude increase in fuelwood product ion. At the present t ime, large scale plantations are the 
responsibil it ies of specif ic government agencies. In var ious planning documents and in discussions and 
seminars, reference is often made to community woodlots and to agroforestry systems. The actual 
implementat ion of these worthwhi le proposals require close cooperat ion between communi t ies and public 
officials. Individual initiative and commitment are also essential . 
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From the above, it is clear that there are many directions in which rural people and especially those who 
deal directly with product ion f rom the land, can contribute to stabil ising their o w n environment and to 
sustainable development . The urban dwellers are more limited in this aspect of activity because they 
do not use much land in this manner. But even in limited garden space, the principles of proper soil, 
water, management and use can still be appl ied. 
26.5. PROBLEMS OF THE URBAN DWELLER 
However, the urban dweller faces certain problems which are not present to the same extent in rural 
areas. The major problem is that of solid waste. In chapter 12 on Urbanization, we have already 
referred to this problem. It is now considered as one of the major problems of all countries and one that 
would keep increasing in magnitude as societies become more and more affluent and therefore produce 
more a n d more solid waste. 
26.5.1. Reduce, Reuse and Recycle 
Household wastes are produced in individual houses, and the first line of solid waste management 
becomes a household responsibility. In many developed countries the 3 R s (Reduce, Reuse and 
Recycle) of solid waste management are increasingly emphasized . W e have become used to very 
careless patterns of behaviour in relation to waste production mainly because there is no general 
understanding that solid waste is a problem. As with other problems, we need to realise that each one 
of us is a contributor and any step that is taken to solve the problem at individual level, if implemented 
nat ionwide, is multiplied 17 million fold. 
Reduct ion is achieved by consciously avoiding unnecessary activities which produce waste. In everyday 
life in our household, there are many things which we now discard which can be reused. The question 
of recycling is rather more complex except for organic waste which is referred to below. Recycling of 
other materials requires collaborative effort of individuals, communit ies and enterprises, which are able 
to collect, process, and produce for use again, identified materials. 
The recycling process has also to integrate with the original production process so that in the production 
of materials the concept that such materials must be capable of being recycled has to be built in. In 
deve loped countr ies of the wor ld , recycling is now an accepted component of waste handl ing. A 
considerable proportion of paper, both newspapers and other papers in use, goes back to the factory 
and comes back into use as recycled paper. 
The municipal systems in those countries provide households with facilities and instructions regarding the 
collection and transfer of glass, metal , paper etc. which are then recycled. In our own country, there is 
as yet very little movement in this direction. But as the garbage problems become more and more acute, 
public pressure and opinion must grow in order that the relevant agencies may take appropriate action. 
Around 450 tonnes of domestic solid waste are produced within the city of Colombo alone, most of which 
is organic materials. At the present t ime all these materials go to swell the garbage heaps that lie along 
the pavements of the city. It is m u c h more productive and environment friendly to convert organic 
waste into compost . It is not essential to have large land space to compost garbage. In many developed 
countries at present compost ing bins are provided to households, and the compost is itself used by the 
household for small scale plant production. In the rural sector the concentrat ion of garbage is usually 
less, and the available land area is more extensive. In such situations compost ing is practised to a 
certain extent. It can be appl ied m u c h more intensively in those areas. 
Faecal pollution of land and water is one of the commonest means by which human beings in developing 
countr ies contribute to degrade the environment. The problem is especially acute in urban areas where 
a large number of people live concentrated in slums and shanties. In such situations there is direct input 
of faecal matter into waterways and soil. A good example is the Beira lake in Colombo, where faecal 
pollution has degraded water quality to a great extent and increased eutrophication (Chapter 18). The 
environment polluted in this manner becomes a threat to human health. Diseases such as cholera, 
dysentery and typhoid affect populations not only in the s lum and shanty areas, but spread through water 
and contaminated food, to other populations as well . In all these cases, the solution is simple. 
26.5.2. Sanitary Facilities 
The provision of adequate sanitary facilities in the form of simple latrines is neither costly nor technologically 
complex. It should not await government action. Individuals and communi ty effort can transform 
the health environment of a community . 
The same argument applies to the control of vector-borne diseases. Individual and communi ty 
consciousness and action will drastically reduce the breeding environment of mosqui toes. The dengue 
174 
mosqui to , for instance, breeds in very selected water environments - clear water in smal l containers, 
coconut shells, vases, discarded tyres and the like. It does not require much effort to ensure that no 
such receptacles are available for water to stagnate in a given area. Individuals and communi ty action 
can be very active at no cost, in keeping the living environment free of the threat of dengue. 
26.6 C H A N G E O F LIFE S T Y L E 
In the long term, man's relationship to the environment has to undergo major changes. At the present 
t ime, this does not seem possible, because such changes require major changes of att i tudes and life 
styles. The industrial ized consumer society uses huge amounts of energy and raw materials. This is 
a Very different state f rom the simple styles of life and few basic requirements for living of a century or 
two ago. 
Modern life requires ~a host of non-essential but seemingly fundamenta l support materials. Each 
household , in addit ion to the basic element of food, shelter and water has motor transport , electric 
gadgetry, information systems, and various symbols of aff luence. In the USA, for instance, most families 
have two cars and many have three each consuming large quantit ies of petrol and releasing more and 
more carbon dioxide into the atmosphere. By contrast, in China there is only one motor car per 500 
people. Can the Amer ican citizen change his attitudes and life style to give up his fleet of cars and travel 
by mass transportat ion system in order to help save the environment? 
In similar manner, various elements of affluent life styles need to be changed in order to reduce the 
consumpt ion of energy and raw materials. This is essential if future generat ions are to be able to lead 
a reasonable level of existence. In our own country, environment friendly policies would need to reduce 
accent on individual transport by producing highly efficient public mass transportat ion systems. Even 
the provision of efficient large scale te lecommunicat ion systems must be considered environment friendly 
because they would reduce the need for travel. Many similar changes will have to take place. 
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C H A P T E R 2 7 
LEGAL AND INSTITUTIONAL FRAMEWORK 
The purpose of this chapter is to describe briefly the different laws and institutions that exist for 
environmental conservat ion in Sri Lanka and thereafter to see whether these laws and institutions are adequate 
and effective. 
27.1 THE MULTIPLICITY OF EXISTING LEGISLATION 
Within Sri Lanka's legal system, there are over 100 laws each of which deals with some aspect or other 
of the environment. These have been enacted from colonial t imes. The objectives with which these laws 
were enacted do not cover in many cases the environmental imperat ives necessary to meet adequately 
the environmental chal lenges of the present day. 
For instance, the law deal ing with Municipal Counci ls (the Municipal Counci ls Ordinance) states that it 
is the duty of Municipal Counci ls to keep the city clean and to ensure that its garbage ano sewage is 
properly d isposed of. The law dealing with Forests (the Forest Ordinance, first enacted in the last 
century) states that no person shall cut down any tree in a Forest Reserve without a permit. 
Though we have so many laws, many of them are not enforced. One has only to walk in the city of 
Co lombo to see the garbage problem. Sri Lanka has lost about 25 per cent of its forests since 
independence. One reason for this failure to enforce the law is the very fact that there are so many laws 
- a lmost too many laws! Each law creates some government agency, and sets up some regulatory 
system. Ultimately, there are so many agencies that no one takes the responsibil i ty, and when they do, 
the others would object. For instance, the Beira Lake in Colombo (probably the most polluted lake in 
Sri Lanka) is a classic case of overlapping agency powers. 
The water of the Beira lake comes under the Ports Authority in terms of the Ports Authority Law. The 
Banks of the Beira Lake come under the Municipal Council of Colombo. The Sri Lanka Land Reclamation 
and Development Corporat ion also has power over the lake. The Coast Conservat ion Department 
exercises some power over the outlet of the lake to the sea while the Urban Development Authority has 
power to plant developments round the lake. So when the quest ion arises as to who should clean the 
Beira Lake, no one takes the responsibility. 
Part of the problem is because laws and institutions have been created in a haphazard manner. 
Whenever some special problem arises, Governments seek to enact a law and establish an institution 
to solve that problem. Once they are set up, institutions continue to function with public funds, even if 
outdated. Another reason for the overlap in institutional power is that there is no clear understanding 
about how environmental problems should be dealt wi th. It is only recently that policy makers and the 
public have begun to take a holistic view of the environment. 
For the reasons stated above, far reaching changes to our laws are required which incorporate modern 
information and analysis. Some important changes and addit ions were made to our legal f ramework 
for the environment during the 80s. By far the most important addit ion was the enactment of the 
National Environmental Act (NEA) (Act No. 47 of 1980 and amended in 1988) and the establ ishment of 
the Central Environmental Authority (CEA). The Coast Conservat ion Act (Act No. 57 of 1981) is another 
important new law which established the Coast Conservat ion Department. The Forest Ordinance and 
the Fauna and Flora Protection Ordinance are much older laws of importance. The State Lands 
Ordinance and the Land Settlement Ordinance govern the complex quest ions of State Lands and 
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distribution of these lands to settlers. 
27.2 THE NATIONAL ENVIRONMENTAL ACT 
The Act establ ished the Central Environmental Authority (CEA) in 1980. The Central Environmental 
Authority when it was first establ ished was only a policy making and advisory body. It did not have the 
power to control pollution or evaluate the environmental impact of development projects. However, an 
a m e n d m e n t in 1988 changed this situation. The Central Environmental Authority was given wide powers 
to regulate pollution by a licensing scheme and to evaluate environmental impacts through an assessment 
scheme. 
The Act also establ ished a National Environmental Advisory Council which consists of senior government 
off icers, academics and environmental ists f rom non-governmental organisat ions. The function of this 
advisory body is to advise the Central Environmental Authority on environmental matters.The Act states 
that no person (whether a government agency or private company) can pollute the waters, air or land 
or cause noise pollution without a licence from the CEA. Special regulations were made effective from 
1.7.90 and from this date it is an offence for any one to pollute the environment without the l icence from 
the CEA. The CEA issues such a l icence only subject to certain strict standards and condit ions. Since 
these condit ions almost always require industries to make changes in their processes and install pollution 
control equipment, the CEA has devised a system called a l i m e bound program'. This program allows 
the industry a reasonable t ime to carry out the necessary changes so that stated condit ions can be 
compl ied with. 
The Act also states that any development project prescribed by the Minister of Environment by 
regulations must be approved before it can be implemented. The approval process begins with the 
developer having to carry out an Initial Environmental Evaluation (IEE) or an Environmental Impact 
Assessment (EIA). The IEE or EIA must then be made available to the public for scrutiny for 30 days. 
After this period the public have a right to make comments on the IEE or EIA and if need be the 
government agency that is evaluating the project can hold a public hearing into the project. It is only 
after this that a project will be al lowed or refused depending on the impacts that it will cause. • 
This latter process makes the decision making very open and transparent. The Act allows the public to 
have access to environmental information as of right and the policy makers are accountable to the public. 
A n EIA must deal with various matters. These include a consideration of the environmental impacts of 
the project, alternatives to the project and reasons why these alternatives were rejected. 
About 8 government agencies have been identified to grant the approval required under this Act for new 
projects. They include the Ministry of Lands, Irrigation and Mahaweli , the Coast Conservation Department, 
the Greater Colombo Economic Commission and the Urban Development Authority. 
It is the EIA that makes way for the new thinking on the environment to be implemented. Through the 
pollution l icensing scheme and the EIA procedure, all development decisions and industries would 
eventual ly be subjected to regulation and control. The Public have an important role to play in this 
process and the Act has created the forum and opportunity for public participation. 
From the developers point of view, the law contained in the Act would simply require them to integrate 
environmental considerat ions into their planning process. It is no longer possible for a developer to carry 
out a feasibility project for say an industry without also including an environmental analysis. As a result, 
what the Act has done is to force developers and decision-makers to take into account environmental 
issues at the planning stages. 
Environmental planning becomes crucial if good decisions are to be made. This includes decisions about 
where to site the development, what processes should be adopted and how construction should be 
carried out. It also forces decision makers to look at possible alternatives to the development, 
alternatives that may be environmental ly better. 
27.3 COAST CONSERVATION 
The coast is a major resource for an island nation like Sri Lanka. A large component of our population 
live in the coastal belt and there is an unusually high pressure on the coastal zone. 
Many parts of the coastline are naturally subject to erosion. This is aggravated by uncontrol led human 
activities including the destruction of coral reefs. With global warming it is possible that sea levels would 
rise and that weather patterns would change dramatically in the early part of the next century. It is likely 
that in our part of the world, tropical storms and cyclones would increase. 
This subject received the attention of the government and the Coast Conservat ion Act was enacted in 
1981 after much public debate. The Act established a permit system for development activity in the 
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coastal zone (the Coastal Zone is the strip of land 300 metres in width from the sea and the strip of sea 
two ki lometres from the beach). In fact it was the first law that introduced the requirement of an EIA for 
development activities along the coastal zone that could have significant impacts on the coast. The 
coastal zone is by its very nature a fragile and sensitive environment. It requires special care and 
attention in its management . For this reason, the Act required the Director of Coast Conservat ion to 
prepare a Coastal Zone Management Plan with public input. This has been done and all permits are 
issued in keeping with the objects of the plan. 
27.4 THE FOREST ORDINANCE 
Although enacted during colonial t imes, this law is the foundation of our forest management . The 
Conservator is entrusted with the management of state forests. Basically, State forests are of three 
kinds: 
1 . Forest Reserves set up under the Ordinance 
2. Village Forests set up under the Ordinance 
3. All other state land 
The Act sets up a special safeguard for protected trees that are listed in the Ordinance. It also sets up 
a permit system for the felling and transport of forest produce and timber. The Ordinance has been 
amended several t imes and in 1982, stringent penalties were brought in to punish forest offenders. 
The Forest Department administers the law and has officers at Divisional, and beat levels. As a result 
of the original Forest Ordinance being a colonial law, it still has many provisions which are not geared 
to modern conservat ion. For the British, Sri Lankan's forests were no more than revenue generating 
stock. Thus the original forest law was f ramed with a v iew to revenue collection and conservat ion. A 
new Forest law is required which includes some new thinking on the subject. This could include public 
participation in forest management , social forestry and buffer zones, none of which finds expression in 
the current law. 
27.5 WILDLIFE CONSERVATION 
The Fauna and Flora Ordinance was passed soon after independence for the establ ishment of special 
areas as national reserves and sancturaies and for the protection of rare and endangered species. The 
law is administered by the Director of Wildlife Conservat ion and the Department of Wildlife Conservat ion. 
Under this law national parks (such as Yala and Wilpattu) can be establ ished by the Minister in charge 
of the subject and endangered fauna can be gazetted for protection. Once so gazetted, no person can 
hunt, shoot or kill such animal or take its young or eggs. Most of the protected conservat ion lands in this 
country (about 10 per cent of the total land area) are governed by this law. 
Though the law has been relatively successful in protecting our wildlife, poaching of elephants for tusks, 
encroachments into national reserves and sanctuaries and other such offences have increased. In some 
places the parks are only on paper, whereas in reality they are settled by people and cult ivated. The 
problem is partly due to lack of sufficient funds, personnel and capacity in the wildlife department and 
partly due to increase population which in turn causes pressure on land. There are also instances when 
parks have been hastily declared over lands which were settled (some t imes as purana villages!) and 
farmed by people. 
27.6 LAND USE 
Control over land use is an area where the law is very weak. The State Lands Ordinance, the Land 
Development Ordinance, the Town and Country Planning Ordinance and the Urban Development 
Authority Law are the relevant laws. Yet the first three of these are somewhat outdated a n d require 
major revisions. 
Within municipal areas, building permits and land use plans control land use to a limited extent. Thus 
the Urban Development Authority has a Plan for Colombo and in this plan various areas have been set 
apart for different purposes such as housing, industry, commerce and recreation. However, this 
zoning is not enforced strictly while in rural and semi rural areas no such plans exist. 
As a result, haphazard land use has taken root causing grave problems for ne ighbourhoods and for 
planners. Sit ing, is one of the key factors that go into good environmental planning and management . 
In the absence of a comprehensive land use planning law, this is an important area that has been 
neglected. 
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27.7 C O N C L U S I O N 
A s you will understand, while Sri Lanka has seen some legal and institutional reforms in the sphere of 
conservat ion, these are fragmentary and not comprehensive. The CEA and the Environmental Foundation 
(an NGO) have undertaken independent studies to determine the major problem areas in the law relating 
to conservat ion. This review will also look at the institutional arrangements that are in place and 
recommend suitable changes. 
Ideally, there should be a very high powered policy formulat ing body which would give directions on 
national environmental policy. This policy must be formulated in a transparent manner and with public 
part icipation. Then there must be an implementing arm that would take the needed steps to implement 
that policy. The agency can and should perhaps be the CEA. But, the CEA cannot do everything. Thus 
there is a need to clearly and unambiguously demarcate the different areas of authority over natural 
resources and entrust them to agencies. They should be coordinated by one agency or Ministry so that 
national policy can be coherently implemented. 
In undertaking such reforms there will inevitably be negotiations between existing agencies over territory, 
fund ing , personnel etc. But if the pr imary objective is to manage an ecosystem, it must be under one 
authority. This may not a lways be possible, and in such cases the several authorit ies involved must be 
compel led to co-ordinate their management , control and planning. 
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C H A P T E R 2 8 
INTERNATIONAL COOPERATION IN 
ENVIRONMENTAL PROTECTION 
In the recent decades man's impact on the environment has intensified t remendously . Industrialization, 
agricultural expansion and an explosive growth in populat ion have led to the consumpt ion of vast quantit ies of 
natural resources and the discharge of pollutants into the environment in a massive scale. 
28.1 GLOBAL AND TRANSBOUNDARY PROBLEMS 
The level of resource use and waste discharge today is such that their impact extends well beyond 
national boundar ies. The nuclear disaster in Chernobyl (which was really a nuclear accident) resulted 
in irradiation hazards in many parts of Europe a n d beyond. Data about ac id rain s h o w e d that in 1980, 
in the United K ingdom some 84,700 tonnes of sulphur per month entered the a tmosphere and that 20 
per cent of it c a m e from other countr ies. In Norway industrial pollution by sulphur was 255 tonnes and 
virtually all of it (92 per cent) came from outside the boundaries of the country. 
The discharge of carbon dioxide and of CFCC into the atmosphere - the large bulk of it by the 
industrial ized countries - have led to the problems of global warming and ozone deplet ion. Global 
warming may lead, in the 21st century, to inundation of parts of small is land states like the Maldives and 
low lying areas of marit ime states like Bangladesh and Egypt. The major consequences of environmental 
pollut ion by s o m e nations of the world have thus, to be faced by other nations which often are too poor 
and technological ly incapable of taking the necessary remedial actions. 
Just as much as the atmosphere is the c o m m o n heritage of mankind so too are vast areas of the ocean. 
Unlike the a tmosphere the oceans have recognized national boundaries and jurisdict ion. Even so, the 
water itself circulates though at a lower rate a n d less widely than the a tmosphere , crossing internal 
boundar ies and carrying with it pollutants. Each marit ime state has its territorial waters and the Exclusive 
Economic Zone (EEZ) over which it has rights of exploitation of resources. The rest of the ocean and 
its bed is the c o m m o n heritage of mankind. 
The major source of pollution in the ocean is f rom oil and its products, much of it coming not f rom sea 
transport but f rom land sources (waste water discharge into rivers). Accidents and ship wrecks 
contr ibute to ocean pollution f rom time to t ime. Land- locked seas like the Mediterranean and the Baltic 
have special problems. Large quantit ies of wastes have poured into the Mediterranean Sea from 
adjacent states. It is est imated that pollution in this sea is about seven t imes the average level of 
pollutants of the ocean by for agricultural and industrial wastes, and 30 t imes the average level of 
hydrocarbons. 
Many of the larger rivers have their origin in one country and flow through one or more other countries. 
Examples of such rivers are the Rhine, the A m a z o n , the Nile, the Ganges a n d the Jordan . Wi th regard 
to river water there is always the quest ion of use and extraction that may affect downst ream users. The 
quest ion of t ransboundary pollution of river water is also of great importance. The example of massive 
pollution of the Rhine resulting from an explosion at a Swiss factory is a good example. 
The need for formal international cooperat ion in regulating t ransboundary environmental impacts was 
recognised many years ago and several international agreements and convent ions have been drawn up 
for this purpose. In recent years because of the growing problems of environmental pollution on a global 
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scale international agreements have been drawn up covering particular areas of environmental pollution. 
28.2. INTERNATIONAL AGREEMENTS ON ENVIRONMENTAL PROBLEMS 
According to a list publ ished by the United Nations Environment Programme (UNEP) in 1987 there are 
118 titles deal ing with international environmental law. W e will refer briefly to some of those and explain 
their signif icance. 
28.2.1. Ozone Depletion and the Vienna Convention 
The more recent attempts at framing legally binding international agreements for environmental protection 
are those relating to Ozone Depletion, Global Warming and the Conservat ion of Biological Diversity. The 
mount ing volume of scientific evidence in the 1980s of the depletion of the ozone layer (ozone hole 
observed over the Antarctica), the causes (CFCC) and the impact on human health were not seriously 
d isputed by any government . There was general agreement that the problem w a s serious enough to 
warrant an international agreement on reduction in the production and use of CFCC. 
A convent ion for the protection of the ozone layer was drawn up and it was placed before the nations 
of the world in Vienna in 1982. This is referred to as the Vienna convent ion. This Was fol lowed by the 
Montreal Protocol on substances that depleted the ozone layer and was placed before the international 
Communi ty in 1984. The Montreal Protocol set out a t ime frame for countr ies to phase out the product ion 
and use of CFCC. The developed countries are expected to complete their phasing out by the year 2000 
and the developing countries were given a 10 year grace period. A Montreal Protocol fund was created 
to help the poor countries to fulfil their obligations under the Montreal Protocol. Contributions to the 
Montreal Protocol fund are mainly by industrialised countries. Present evidence has shown that ozone 
depletion is occurr ing faster than predicted and developed countries are now anxious to reduce the 
product ion even before the target date. 
28.2.2. Framework Convention on Climate Change 
As explained global warming is caused by the discharge into the atmosphere of carbon dioxide and other 
green house gases. The destruction of forests on a large scale also contributes to global warming by 
removing vegetat ion which absorb carbon dioxide and help to maintain carbon dioxide balance in the 
atmosphere . All nations of the world discharge carbon dioxide into the atmosphere , but most of the 
emissions come f rom the highly industrialised countries. Global warming will have very serious impacts 
on agriculture, cl imate patterns and sea level. Therefore, action has to be taken to reduce carbon dioxide 
emissions and those of other green house gases. 
In the past few years the nations of the world have initiated action to meet the chal lenge of global 
warming . An assessment has to be made on the various aspects of the problem. An Intergovernmental 
Panel on Climate Change (IPCC) with a number of Working Groups was set up to study and report 
on the problem. This committee brought together scientists from all parts of the wor ld . About 500 
scientists took part, altogether, at the various meetings and made their expert services available to the 
Wor ld Communi ty . The mount ing evidence of global warming made it necessary to frame legally binding 
regulations whereby the nations of the world could take meaningful measures to counter the effects of 
cl imate change and reduce the trend towards global warming. For this purpose, the United Nations set 
up the Inter-governmental Negotiat ing Commit tee for a Framework Convention o n Cl imate Change. 
This Commit tee worked over a five year period in order to draw up a Framework Convent ion spelling 
out the issues and defining targets for action, assigning tasks to nations in accordance with their 
responsibil i t ies and capabil i t ies and providing for f inancing and transfer of technologies to poor countries 
to help them to fulfil their responsibilit ies. The Framework Convent ion was drafted with the participation 
of over 160 nations, including Sri Lanka, and presented to the United Nations Conference on Environment 
and Development held in Rio de Janeiro in 1992. This Conference was attended by the Heads of State 
of numerous countries who signed the convention. 
In a similar manner a Convent ion on the Conservat ion of Biological Diversity w a s also prepared by 
another group and accepted by most of the nations attending the Conference. 
28.3 INTERNATIONAL CONFERENCES ON ENVIRONMENT AND DEVELOPMENT 
The first conference on the development of environment took place in Sweden in 1972. It was Barbara 
W a r d and Rene Dubos's book One Earth that set the stage for the world conference which was called 
the United Nations Conference on the Human Environment. A major outcome of this conference was 
the establ ishment of the United Nations Environmental Programme (UNEP) with its head quarters in 
Nairobi. As with all United Nations initiatives the main contribution for the upkeep and for the projects 
that are mounted come from the developed countries and the main beneficiaries are the developing 
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countr ies. UNEP during the last 20 years carried out numerous programmes nationally, regionally and 
globally to address environmental issues. 
28.3.1. The Earth Summit 
United Nations Conference on Environment and Development (UNCED) itself was a major event in 
International Cooperat ion. It was a massive gathering and because of the level of representation it was 
called the 'Earth Summit ' . It was the publication of the book 'Our Common Future' that paved the way 
for U N C E D . This book w a s the first comprehensive statement explaining the relationship between 
economic development and environmental protection. The concept of sustainable development became 
widely accepted fol lowing the publication of this book. A major outcome of the Earth Summit was a 
document titled 'Agenda 21' which sets out the programme for the nations of the world to follow in order 
to stabilise the Earth's environment and achieve sustainable development by the dawn of the 21st 
century. 
The fact that U N C E D '92 was held and that it addressed the problems referred to above indicates the 
serious concern of the world communi ty about the major problems that everyone will face in the 21st 
century. The conference was a first step. In the years ahead international cooperat ion will have to 
develop along many fronts in order to translate words into action. One major problem is that the poor 
nations, which form a major part of the world community need massive financial and technological 
assistance f rom the rich nations, in order to move towards the goal of sustainable l iving. The institutional 
and financial f ramework for the implementat ion of Agenda 21 has to be set up. 
28.3.3. The Global Environmental Facilities 
An important financial arrangement that addressed some key environmental issues was set up by 25 
countries on a pilot basis even before the Earth Summit . This is the Global Environmental Facility 
(GEF) which is m a n a g e d by the Wor ld Bank, United Nations Environment Programme (UNEP) and the 
United Nations Development Programme (UNDP). It is expected to provide concessional funding for 
activities related to 4 objectives: 
reduction of green house gas emissions 
preservation of areas rich in natural diversity 
protecting international drainage basins and seas from transboundary pollution 
halting depletion of ozone layer by switching f rom CFCC to alternatives that do not destroy the 
ozone layer. 
The initial target for the fund was set at $115 billion. This is obviously insufficient to meet the needs 
but is, at least a beginning. 
28.4. AGREEMENTS ON TRANSBOUNDARY PROBLEMS 
So far we have considered international cooperat ion in dealing with environmental problems which are 
evidently of a global character. We will refer now to some agreements and actions taken in relation to 
problems which though important are of more limited d imension. The Geneva Convention on Long 
Range Transboundary Air Pollution covers problems such as acid rains. There are several regional 
sea convent ions which inter alia address the problems of land based pollution of the seas. The Whaling 
Convention is a imed at protecting endangered whale species while Fisheries Convention regulates 
f ishing to prevent excessive depletion of stocks. 
Similarly the Boundary Waters Convention on Great Lakes between USA and Canada and the 
Shared River Agreement (Rhine and Danube) deal with problems relating to shared fresh water bodies. 
Reference was made above to the recently drafted convention on the Conservat ion of Biological 
Diversity. Previous to this convention there were other International Agreements deal ing with various 
aspects of the conservat ion of biological resources. The Ramsar Convention for the Conservat ion of 
Wet lands recognizes the need to preserve wet land habitats as special ecosystems and especially as 
critical waterfowl habitats. The Convent ion in International Trade in Endangered Species of Wild 
Fauna and Flora (CITES) is designed to ban trading in endangered species. As a result of the 
unscrupulous actions of collectors, traders and buyers, survival of many important and valuable species 
is threatened. The CITES focuses on this problem. 
The Basel Convention on the Transboundary Movements of Hazardous Wastes and their disposal 
is meant to restrict the production of hazardous waste, to control its disposal and to establish regulations 
for the export a n d import of these substances. It addresses the problems that deve loped countr ies face 
when hazardous substances are either exported to them or dumped in the high seas in proximity to their 
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shores . 
28.5 GLOBAL COMMONS 
The examples quoted above illustrate the nature and scope of international action and cooperat ion in the 
f ield of environmenta l protection. W e may now refer to a special aspect that deals with global c o m m o n s 
which really should not belong to any one nation or group of nations. Such an area of the earth is the 
cont inent of Antarct ica and the Southern Ocean which encircles it. 
Antarct ica is one of the worlds few remaining great wi lderness areas. Once part of the great southern 
land mass of Gondwana land and the home of great herds of reptiles and o f dense forests under a 
near-tropical c l imate, it now lies under a huge ice-sheet. It is one of the most formidable envi ronments 
on earth and can only be approached by man with the help of a range of special support mechanisms. 
Notwithstanding this, it is the home of the great whales now severely threatened by human exploitat ion, 
the penguins, and over 50 species of birds some of which have populat ions that are numbered in 
mill ions. Southern Ocean fish stocks are heavily exploited. From the resources point of view the 
Antarct ica probably has major mineral resources. And because it had a high populat ion and a wealth 
of fauna and flora at some stage in its geological history it probably has reserves of fossil fuels. 
Antarct ica is considered a nuclear free and demilitarized zone and an area of international peace and 
cooperat ion. It has to cont inue to be maintained as such. Expedit ions f rom several countr ies go to 
Antarct ica for scientific investigations and more recently tourists have been to visit the area. Human 
impacts will inevitably grow in the future. An Antarctic Conservation Strategy has been drafted. There 
already exists an Antarctic Treaty System but this needs to be st rengthened. A comprehensive , 
integrated and legally binding instrument for conservat ion needs to be evolved. It is necessary that 
mineral exploitation should be banned in the Antarctica continent to preserve it in its natural state. 
W e have stated many t imes over in the course of this text that the world communi ty has to learn to live 
sustainably. Agenda 21 which was adopted at the U N C E D '92 in Rio provides guidel ines for the 
achievement of sustainable development by all countries. All the nations of the wor ld should be totally 
commi t ted to implement the programmes, each according to its capabilit ies and degree of responsibil ity. 
It is important to emphasize that global action on sustainable living and protection of the environment 
must carry along with it the developing countries of the wor ld . Cont inuing adverse impacts are 
unavoidable in the near future in these countries. Urgent action is needed to enable these countr ies to 
rise out of poverty to attain an acceptable quality of life for. the people and to achieve a sustainable 
pattern of development . 
28.6. THE ROLE OF THE UN SYSTEM AND INTERNATIONAL NGOO 
The United Nations system has had a major role to play in developing international cooperat ion in the 
field of environment . Once preoccupied with conflicts between nations, the apparatus and infrastructure 
was re adapted to move into the areas of cultural and scientific exchange and easily into the arena of 
environmental cooperat ion between nations. The role that has been played by international Non 
Government Organisat ions (NGOO) is also a major one. The International Union for the Conservat ion 
of Nature(IUCN), the World Wide Fund for Nature (WWFN) are examples of major N G O O that have acted 
to bring the world communi ty together on many environmental issues, both at official and unofficial level. 
In the post cold war era, one of the major roles of the United Nations must certainly be global alliance 
that serves to protect the global environment. Such an all iance must strengthen existing international 
legal instruments and develop new ones when necessary to give effect to the policy of car ing for the 
earth. 
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C H A P T E R 2 9 
PRESERVING PLANET EARTH 
29.1 THE EARTH IS INDESTRUCTIBLE 
In the previous chapters we have learnt that Planet Earth is a compl icated integrated system of materials 
and processes, living and non-l iving. W e have understood that man is one of the latest organisms to 
arrive on the scene. In spite of his comparat ively short period as part of the Earth system (1 million years 
out of 4.5 billion years) we have seen how man has begun to disrupt the balance of natural systems in 
many ways . Such is the extent of man's impact on his surroundings, that he can now be considered 
as a potential major natural disaster along with such other natural disasters as earthquakes, cyclones, 
f loods, landslides and volcanic eruptions. 
That such a statement is no exaggerat ion, can be easily il lustrated by the environmental damage caused 
by the recent war in the Gulf. During the war, the burning of oil wells poured carbon dioxide and other 
pollutants into the atmosphere for many months, poisoning the a tmosphere , not only of that region but 
also of adjacent countr ies. The oil spill into the Gulf wrought havoc o n the lives of ocean birds and 
marine life. 
Whi le this example is related to a war situation (war has long been a feature of h u m a n social interaction) 
major environmental disasters caused by man and unrelated to conflicts are quite c o m m o n . W e have 
already referred to the destruction of entire Lake systems in North Amer ica, the destruct ion of life in the 
River Rhine by accidental release of pesticides from a Swiss Sandoz chemical factory and the release 
of the poisonous methyl isocyanate f rom the Union Carbide factory in Bhopal . H u m a n activity is also 
causing long term changes in the global environment, the magnitude and consequences of which are 
but little understood. These include global warming, deforestation and acid rain. 
Having surveyed the impacts of human activity on the environment it now remains for us to see how we 
should use the lessons of the past and the exper ience of the present in order to chart our progress into 
the 21st Century. The title of this chapter Preserving Planet Earth generates two quest ions - Does Earth 
require human help in order to survive? For whose benefit do we need to preserve Earth in its present 
form? 
The Earth has existed for 4.5 billion years and will continue to exist for many billions of years to come 
before a dying sun (disintegrating sun) will finally consume it in f lames. Man did not create the Earth, 
neither can he destroy it. Even a massive nuclear explosion detonated by man which will end human 
existence and much of todays life, will only create a small ripple, soon repaired, in terms of Earth history. 
It cou ld wel l be argued that earth wou ld be a better place if human life were to dissappear. In reality 
the Earth requires no human help, rather it could benefit by less interference by man . 
It is known that there have been a number of massive catastrophes in past Earth history. To understand 
the indestructible natur'e of the Earth let us consider one that is bel ieved to have taken place sixty five 
million years ago. At that t ime a large asteroid is believed to have struck the Earth. The impact probably 
was felt somewhere in the region of the Bay of California where it generated huge dust c louds that 
entered the a tmosphere and remained there for a long time. As a result sunlight was cut off, plants and 
animals died under condit ions similar to those of a 'nuclear winter'. 
Large scale extinctions took place. For instance the catastrophe brought to an end the Age of Reptiles 
which occupied the Mesozoic, the Middle Age of Earth history. Of the 20 odd orders of reptiles that lived 
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during that t ime only tour remain today. The Earth System was not destroyed. It had inbuilt processes 
for renewal . A great mass of species and genetic diversity w a s lost with the d isappearance of the reptiles 
and the plant forms of the Mesozoic. But replacements were already there. The mammals had been 
on the side-l ines for much of the Mesozoic, small and insignificant. In the post-catastrophic world they 
quickly took over. Birds took over the air, f lowering plants the land, and many insect species multiplied 
and diversif ied. In this manner the living face of the Earth took on a new appearance. 
It is clear f rom the above description that the Earth as a system is indestructible. It's complex and 
integrated nature makes it a dynamic system. It is characterised by constant but gradual change. Its 
crust forms, erodes and goes back into the mantle. Continents move on the surface forming new 
configurat ions, taking up new positions which themselves are not permanent. Oceans are born, grow, 
a n d die. Species of plants a n d animals appear and dissappear. Extinction of species and the origin 
of new ones replacing the old are natural processes. Man cannot destroy this system. All that he does 
is to change the existing balance. 
29.2 WHY PRESERVE THE EARTH? 
Let us ask the quest ion again 'Why preserve the Earth?'. The answer is not that the Earth needs to be 
preserved for its own cont inued existence. The answer is that if man is to survive, the Earth 
environment that favours man's continued existence must be preserved. Preserving the Earth is 
an entirely selfish human motive. The Earth can do quite well on it's own without human help. 
What are the elements of Earth environment that man needs for his survival? The atmosphere in its 
present form and purity, adequate, pure, fresh water, soil and arable land, appropriate physical conditions 
such as temperature and cl imate, sufficient energy and materials with which to support the quality and 
style of life that he chooses. 
These are the things that are most obvious, the things that he uses directly. However, in order that these 
be cont inuously available there are other things that he must do. He must care for the air a round him, 
for the ponds, lakes and rivers, for the shores and the coastal waters and their bounty. He must care 
for the great circulating oceans. In short, the natural ecosystems of the Earth which together ensure the 
continuity and stability of life must be looked after and preserved. 
But these are the very things that man has been systematically destroying and deplet ing. The air is 
pol luted and the ozone layer is depleting. Fresh clean water is becoming scarce and human lives are 
lost in large numbers due to water borne diseases. Land is becoming scarcer and its quality is being 
degraded. Energy sources are depleting fast and the materials needed for support of present life styles 
are being exhausted. Natural systems are being destroyed at an alarming rate. In order to preserve 
the Earth env i ronment for man these trends need to be reversed. 
In the earlier chapters of this book we have referred to these problems in outline and explained how they 
have originated and developed. It is necessary to take remedial action. W e shall now indicate the major 
actions that society must take. 
29.3 NEED FOR THE CONTROL OF POPULATION GROWTH 
H u m a n populat ion growth lies at the root of all our environmental and social problems. It is an axiom 
that nothing in the Universe can grow continuously. Therefore human populat ion growth will also be 
brought to a halt at some time in the future. By 2000 AD the populat ion will stand at over 6 billion. What 
is the ultimate number of people that we want on Earth? Is it 12 billion, 24 billion or 48 billion? How 
many more doubl ings can human society tolerate and support? 
The figure 29.1 traces growth in population size and in environmental impact from the time of the hunter/ 
gatherer societies of the distant past through the early agricultural societies to the societies of the present 
day. It indicates some possibilities for the future. 
The relationships between the population size, resource use and impact of modern industrialized 
societies as compared to those of the Least Developed Countries is also shown. Which of the 3 
pathways indicated should we follow? Should we depend on advanced technologies for the support of 
growing populat ions? Should we try to balance numbers and resources in a sustainable society? Should 
we , be satisfied with returning to the hunter / gatherer stage after destroying our environment and 
become better hunter/gatherers with the help of advanced technology? We have to make the proper 
choices for the future, now. 
29.4 POPULATION GROWTH AND RESOURCE USE 
In the deve loped wor ld populat ions are smal l and are approaching zero growth. However , the proportions 
of materials and energy that are used are immense and still growing. Their quality of life and 
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consumpt ion cont inues to rise. It is already at a level that will be difficult to sustain in a world that will 
become increasingly hungry for energy and materials. 
In the least developed world the rate of population growth is still on the increase and the amount of 
available resources and energy per head declines. The quality of life is already far below the desirable 
min imum level and continues to decline. The poorer nations and the poorest peoples become still poorer 
while the gap between the rich and the poor widens. 
In Chapter 20 this pattern has been explained. That the urgent need to counter poverty as an essential 
first step to environmental protection has been emphasised. In practical terms the solution is very difficult 
to f ind. In the first instance the upward population spiral in developing countries has to be stopped by 
decisive action. As stated earlier natural forces and human interaction will finally bring population growth 
to a halt, but it will be at a terrible cost of famine and starvation, of riot, of civil war, and of conflicts 
between nations. 
Yet it need not come to this. With the knowledge, understanding, and technology that is now available 
the control of populat ion growth is an achievable goal. No high technology inputs are required, only a 
proper educat ion of the rising generation and the will to achieve recognised objectives. W h e n it is 
realised that solutions to the full range of human and environmental problems lie in this central factor 
it should be possible to move to the achievement of zero growth. In our own country populat ion control 
p rogrammes have been quite successful . China under a regimented system has also moved towards 
control . 
At some point in the not too distant future, rich nations of the Earth need to slow down their rate of use 
of materials and of energy renewable as well as non-renewable. It is not clear how this can be achieved. 
People in the industrial ised societies have developed considerable environmental consciousness, their 
Governments and other agencies are taking major steps to repair impacts on their own 
environments. However, the understanding that the survival of their societies is inextricably linked with 
the health and survival of the poor people who form the majority of the world populat ion has yet to 
develop. Rich nations and those who govern them have to move toward policies whereby major 
reductions in consumpt ion are achieved by the rich nations and materials and resources thus released 
must be channeled to poor nations for sustainable development. Whether such changes in approach 
and attitude will take place seems doubtful but the health of human society as a whole depends on it. 
29.5 T E C H N O L O G Y A N D R E S O U R C E A V A I L A B I L I T Y 
There is a school of thought that states that there are technological answers to the material a n d energy 
problems of an increasing human populat ion. They feel that there is no cause for a larm and that there 
is a sufficient reservoir of materials in the Earth crust which can be extracted economical ly with the help 
of new technologies. They believe that new and inexhaustible sources of energy will emerge, as for 
instance, energy from controlled fusion. It is true that conventional fossil fuels will not last much longer. 
Nuclear fission for energy generat ion has the immense unsolved problem of the storage of radioactive 
nuclear waste. It is suggested that there is an immense source of oil in the oil shales that exist in various 
parts of the wor ld . It is not realised that in all these options there are inbuilt environmental consequences. 
W e suffer today from the environmental damage caused by low level technologies of the present. The 
lessons that we have learnt teach us that the new technologies would probably be linked to even greater 
damage to the environment. 
The use of energy, the industrial processes, all produce waste heat and as civilization progresses heat 
accumulat ion is likely to become a major problem. Already the world is concerned about the consequences 
of global warming . Global warming may bring with it rise in sea levels. 
Sea levels have risen and fallen in the past. 15,000 years ago the level of the sea was about 180 metres 
higher than it is today, but such rises in sea level had no consequences for man because there weren't 
cities along the coast lines. Today the rise of a few metres will destroy island nations and inundate major 
cities. Therefore even if inexhausible sources of energy were to be found economies cannot expand for 
ever, nor can populat ions continue to grow. 
The actions to be taken, because they involve major issues and major changes in policy, are actions that 
are the responsibil it ies of Governments . This is not to say that ordinary people have no responsibilities 
about the future. The necessary actions relate to the various aspects of the environment dealt with in 
this book. The specific problems that need to be addressed will differ f rom country to country and region 
to region. The approaches of the developed nation will differ radically f rom those of developing nation. 
We may illustrate the problems of poor developing nations by referring to what we in Sri Lanka will need 
to do. 
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Fortunately, w e have already been able to make considerable reduction in our rates of populat ion growth. 
It is hoped that this trend will continue and that Sri Lanka's population will stabilize at a reasonable level. 
Even at the present time the amount of land available per capita in our country is below the min imum 
land-man ratio. This will reduce further before the population stabilizes. 
Sustainable use of land in the future requires an upto date inventory of land and understanding of land 
use capabil ity. In our country meaningful steps have already been taken towards this objective. The next 
step is an environmental ly determined land use policy. Such a policy would set aside permanent ly 
protected and preserved areas and would take note of the need for stable ecosystems and of the need 
to preserve biodiversity. 
Also w e now know that land and soil are valuable natural resources which have to be treated and used 
in a sustainable manner. Water is also precious and cannot be wasted . The high quality agricultural 
lands have to be identified and their use maximized. Agriculture is supported by huge inputs of 
agrochemicals . Earlier farming systems used natural materials to increase fertility. This practice is now 
returning to the scene under a new name as 'Organic Farming' . The approach is as old as agriculture 
itself, but it can be greatly improved by the application of new knowledge and technology. It is true that 
because of the large scale use of agrochemicals in the past few decades, it has been possible to feed 
increased populat ions. But the consequences are in the destruction of soil fertility and soil ecosystems, 
the chemical pollution of soil , land and water. It may not be possible to cont inue to feed our people if 
there is a complete stoppage of the use of agrochemicals. But with the application of organic farming 
techniques it will be possible to make considerable reductions in agrochemical inputs. 
Animal husbandry is another farming activity which if practised without adequate precautions tends to 
destroy the land. In our country the rearing of cattle has been practised for ages using primitive methods. 
This happens in many parts of Africa and other parts of Asia as well . Poor quality pastures, over grazing, 
d isregard of carrying capacity, all contribute to degradat ion of the land. Where possible, the integration 
of l ivestock into farming systems would contribute to organic farming in the farm and remove livestock 
f rom poor degraded pastures. 
One of the major transformations necessary for environmental protection- is related to the entire transport 
system, globally. In the early decades of this century mass transportat ion systems such as the rai lways 
were more important than family or individual transport by motor vehicles. Today in most developed 
countries each family owns two or three cars and mass transportat ion is neglected. At some t ime in the 
not too distant future the practice has to reverse and the accent needs to go back to mass transportat ion. 
One reason for this change is the fact that the world is running out of petroleum resources. The other 
is that motor vehicles emit C 0 2 which contributes to the process of Global Warming . Moreover, the 
automotive industry is an intensive energy and materials user, generat ing solid wastes in the form of 
heaps of d iscarded cars that clutter land in many of the developed countries. The traffic control problems 
of even small cities including our own capital Colombo are well known. 
For a sustainable society and protected Earth, highly efficient streamlined mass transportat ion systems 
need to replace the hordes of automobi les. This is an area where new technologies in transport can 
play a major role. Already in many developed countries electrified systems carry mill ions of people to and 
f rom work. However, some of these systems are old and need to be replaced. Where good systems 
exist they need to be expanded and improved. New systems have to be establ ished on a global scale. 
In the poorer countries of the world where the menace of the motor car has not caught up with ordinary 
people, that phase of economic development should be by-passed. The key to acceptance of mass 
transportat ion is, of course, speed, efficiency, cleanliness, cheapness and comfort . If governments 
whether national or local are able to provide the standards of transporation required, the application of 
heavy taxes can help wean passengers away from automobiles to public transport. In Singapore, for 
instance, cars cannot enter the city centre during certain hours of the day, without a special permit and 
are required to carry a min imum number of passengers. This is mostly a imed at reducing traffic 
congest ion but the same approach on a greatly expanded scale is required for the future. 
The world may have to re-examine the air-transport industry as well in relation to fuel use and pollution 
outputs. Is it really necessary to try to move at speeds approaching or in excess of the speed of sound? 
There are already moves in the direction of fuel efficiency, these have to be developed rapidly, and the 
whole rationale of air transport has to be reviewed in relation to a sustainable society. 
Wor ld expenditure on the product ion, acquisit ion and use of weapons of high degrees of sophistication 
is truly phenomenal . Today w e - h a v e progressed to weapons of mass destruction including nuclear 
weapons. With the end of the confrontat ion between the West and the East it seemed for a while that 
the menace of nuclear war would disappear. However, it now appears that the danger of proliferation 
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of nuclear and other weapons has indeed, increased. China it is said is buying up weapons from the 
old Soviet States. India, the land of Mahatma Gandhi and non violence, is now a major producer and 
suppl ier of a rms a n d has deve loped a nuclear capabil i ty. This , regardless of the fact that a major 
proport ion of the people live far below the poverty line. In many of the countr ies of Africa, where famine 
and drought and starvation prevail , civil strife goes on and on, sophist icated weapons , supplied sometimes 
by deve loped countr ies, take a heavy toll on human life. A lmost on every continent there is conflict and 
loss of life. Destruct ion of the environment goes hand in hand with war. 
The h u m a n species is unique in many ways - in its ability for abstract thought, in speech, and in cultural 
evolut ion. These are posit ive aspects a n d they have contr ibuted m u c h to the deve lopment of human 
society. Unfortunately man is also unique in that he kills for reasons other than food , and kills other 
m e m b e r s of his own species. As explained in an earlier chapter, this characteristic of conflict with others 
of his o w n kind, has been part of human behaviour patterns during the entire million or so years of his 
existence. War and killing is not a new feature of modern society. Just as with other spheres of activity, 
in this too, he has progressively used improved technology. Where once he used bare hands and rocks, 
he has now hydrogen bomb and other weapons of mass destruct ion. As in other areas in warfare, 
technological advance in the implements of war has led to major destruct ion of the environment. 
Wi th this long history of conflict behind h im, can man ever break out of this unhappy aspect of his 
condi t ion. Can he turn the immense resources so misused now, to protecting the earth environment? 
C a n he use these resources in order to achieve a redistribution of materials, of energy and of wealth? 
Massive injections of funds are required f rom the rich to the poor world. The poor world too needs to 
use resources m u c h more effectively for purposes that truly improve the impover ished condit ion of their 
peoples. If the entire expenditure on weapons by all countries could be channeled to ensuring better 
living condi t ions for the poor, an important first step would have been taken in establishing a stable 
society and protecting the environment. 
At present this does not seem possible. Every country even the smallest has its own armed forces. 
Display of a rmed might and sophist icated weaponry is often equated with the pride and dignity of a 
nat ion. Values have to change radically. The pride of nations in the future should rest on their capacit ies 
for sustainable living. 
Protect ing the Planet for human habitation requires the collection, understanding and the dissemination 
of information about the environment. This set of lessons is one way in which this is done. When you 
have studied these lessons you would have acquired an elementary understanding of the various issues. 
It enables you to talk to others and help them understand. It also forms a basis for the understanding 
a n d assimilat ion of new information that may come your way. In your future life, it should be your resolve 
to use this knowledge and other knowledge that you will acquire, to play as big a role as possible in 
protecting the earth environment, so that future generat ions can live in a sustainable society. 
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